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Abstract

Influenced by the successful science parks and prosperous spontaneous high tech
industrial clusters, the establishment of science parks has been one of the features of
national and/or regional strategies for promoting science and technology through the
late twentieth century. The major objective has been to stimulate innovation and
generate economic benefits via assisting knowledge-based firms and knowledgeintensive activities. A n increasing number of governments of developing countries have
been following suit since the 1980s. This has led to the efforts of transferring science
park management experiences and practices from developed countries to developing
countries. Major concerns that gave rise to this study are the appropriateness of the
management principles and practices of parks in developed countries for parks in
developing countries and the lack of an analytical framework. In addition, research
findings about spontaneous industrial clusters have rarely been applied to the
management of science parks, even though they are planned industrial clusters.
The present study seeks to develop a model for science park management in
developing countries through investigating three research questions. They are: are the
management strategies for science parks in developed countries appropriate for parks in
developing countries? C a n the factors enhancing the development of spontaneous
industrial clusters be used to effectively guide the management of science parks in
developing countries? W h a t should be regarded as the achievements for governmentdriven park/campus-style science parks, the mainstream type of parks, in developing
countries? Both management strategies for parks in developed countries and factors
enhancing the development of spontaneous industrial clusters were identified in the
literature. However, there are few studies that adequately inform the third research
question. A n approach of in-depth case studies facilitated by an exploratory study via
interview, therefore, was applied to the investigation of these research questions. Cases
selected are Technology Park Malaysia, the Singapore Science Park, and the Thailand
Science Park, which all are government-driven schemes in the park/campus style
established at the developing stage of their economies.
Findings from the study indicate that advantages derived from spontaneous
clustering can be used to guide the development of planned industrial clusters. Not all of
these advantages have been widely realized in the field of science park management. O n
the other hand, even the most extensive model for enhancing the development of
spontaneous industrial clusters, Porter's (1990) "diamond", cannot alone effectively
guide the management of science parks in developing countries. This is because it
doesn't fully take into account appropriate micro management strategies. The result of
the present investigation suggests that some management strategies are c o m m o n for
science parks irrespective of the status of a country's economic development, others are
more dependent on specific environmental factors. Both government, with the macro
environment it creates, and a park management team, with the micro management
strategies it formulates, influence the success or failure of a science park in a developing
country. T h e argument is developed that the performance of a science park in a
developing country is the result of the interactions of two levels of management: the
policy level and the science park organizational level. This thesis concludes by applying
these findings to the formulation of a "developing economy oriented model" for science
park management.
IV
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Chapter 1. Introduction

Chapter 1
Introduction

This chapter provides an introduction to the thesis. It presents the research

background and research objectives of the project, and introduces the research quest

and hypotheses based on the findings from the literature review. It also describes t

research methodology and framework that guides the investigations for the hypotheses

and research questions. In order to facilitate the understanding of the thesis, it o

the major content of each chapter. The chapter concludes with a discussion of the sc
and limitations of the study.

1.1 Research background and research objectives
During the late 20 century, knowledge has played an increasingly important role
in economic development. It has become a contributor to the competitiveness of both
countries and firms (see Teece, 1998; Cole, 1998; OECD, 1999). New knowledge
acquired through research and development (R&D) led to high levels of economic
return, rapid growth of industries and "dematerialization" (see Ewell, 1955; Todd &
McGrath, 1995; Steele, 1988). It is no longer simply access to natural resources that
important for economic value, but the knowledge of how to manage those resources.
The knowledge for recycling waste, for example, has provided the West in 1985 with

48 percent of its lead, 38 percent of its copper, 25 percent of its aluminium, 24 pe

of its zinc, and 21 percent of its tin (Steele, 1988). It is, therefore, not surprisi
management of a knowledge-economy is a critical task for policy makers, and how to
achieve it is a key issue attracting their attention.
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Both developed and less developed countries have encouraged the development
of knowledge-intensive industries either directly or indirectly (Goldstein & Luger,
1993). The economic booms through the 1970s of some high technology industrial
clusters, both planned ones such as the Stanford Research Park and the Research
Triangle Park, and spontaneous ones such as Silicon Valley, Route 128 and the
Cambridge Phenomenon, suggested a mechanism for their efforts. This led to the
establishment of an increasing number of planned industrial clusters with strong

government or quasi-government initiatives aiming at recreating the dynamics found i
these earlier models in order to boost the economies of their perspective areas (see
OECD, 1987; Luger & Goldstein, 1991; Van Dierdonck et al„ 1991; Bass, 1998).
Those planned schemes are on various geographical scales. They include entire
regions, cities or smaller property developments. Examples of planned schemes
covering regions or cities are Japan's "technopolis" projects and large-scale urban

developments known as science cities. Smaller property developments of this nature a

usually referred to as research parks, science parks, or technology parks (Bass, 1998
Some studies classify all those planned schemes as science parks (see Sunman, 1989;
Porter, 1989; DITC, 1989; Grayson, 1993). As a result, the science park phenomenon

started to grow rapidly from the early 1980s, three decades after the first park app
The total number of parks worldwide increased from about 39 at the end of the 1970s to
over 270 in 1990 and around 900 in 2000 (McQueen & Haxton, 1998; Haxton, 2000).
Furthermore, the development focus of science parks has been shifting from highly
industrialized countries toward industrializing countries (Lacave, 1996).

1

T h e term "science park" tends to be popular in the U.K.; "research park", in the U.S., and "technology
park", in Australia (see Chapter 2). This thesis uses the term "science park" for general discussion.
However, where the literature refers respectively for "research park", "science park", "technology park"
or other names such as "technopolis", these terms are used interchangeably.
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With the rapid spread of the science park phenomenon, there have been concerns

by some analysts about the high failure rate of science parks. As early as 1966, Bro
(1966) commented that research parks in the U.S. had attained only limited success.

Soon after, Danilov (1967) stated that more than half of the parks in the U.S. had b

failures or disappointments. In 1982, the U.S. National Science Foundation announced

that over 50 percent of the U.S.-parks had never reached their initial expectations,

they generally didn't provide significant stimuli to technology transfer (NSF, 1982).

high failure rate of science parks has been reported in various studies since then (
Minshall, 1983; Schamp, 1987; Miller & Cote, 1987; Joseph, 1989b; Van Dierdonck &
Debackere, 1990; Van Dierdonck et al., 1991; Luger & Goldstein, 1991). Joseph
comments: "Overall, the success rate of technology parks does not seem to be high"
(1989b:176). Miller and Cote state: "Results have been disappointing" (1987:125).
Policy makers in developing countries began to adopt the idea of the science park

as a stimulus for economic development around the early 1980s. This contributed to a
sharp increase in the number of science parks worldwide. Although many schemes have

been established in developing countries, they have not featured predominantly in th

literature. As many of these parks are the first or the only one in their home count
the lack of experience of managing such projects presents a handicap for their
successful development. Many of them have turned to parks in developed countries to

learn effective management strategies. International organizations such as the Unite
Nations, through the United Nations Development Program, have been providing
assistance with expertise from developed countries (see Abdul Rahman, 1988).
However, it is not at all certain whether the experiences and management strategies

parks in developed countries are appropriate for parks in developing countries. Give
the fact that science parks in even developed countries, the foremost countries of

3
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science park development, have high failure rates, an analytical framework guiding the

establishment and management of science parks in developing countries, the latecomers,
is necessary.
The present study seeks to contribute to the development of such a framework. It
intends to achieve three objectives. The first one is to understand the science park
phenomena and the management strategies of parks in developed countries so as to
probe the appropriateness of applying them to parks in developing countries. The
second objective is to understand the formation and development of spontaneous

industrial clusters so as to probe the potential of using the insights from them to gu
the management of science parks, the planned industrial clusters. The third objective
to formulate a developing economy oriented model for science park management. The
model is expected to provide an analytical tool to guide the establishment and
development of science parks in a way that will maximize their effectiveness and
minimize the possibility of failure.

1.2 Research questions and hypotheses
Since most science park schemes were established to mimic the successful

science parks as well as dynamic spontaneous high-tech industrial clusters, the prese

research project was designed to look for insights from both types of schemes in order
to formulate the management strategies for science parks in developing countries. The
study was driven by three research questions:
Question 1 - Are the management strategies for science parks in developed countries
appropriate for science parks in developing countries?
Question 2 - Can the factors enhancing the development of spontaneous industrial
clusters be used to effectively guide the management of science parks

4
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in developing countries?
Question 3 - What should be regarded as the achievements for government-driven
park/campus-style science parks in developing countries?
For the first two questions, the study was designed to understand, from the
existing literature, the science park phenomenon and the management strategies of
parks in developed countries as well as the phenomenon of spontaneous industrial

clusters and the factors leading to the formation and sustained growth of these cluster
Three hypotheses as follows were established based on the findings from the literature.
Hypothesis 1 - Micro-managerial strategies for science parks in developed countries
are applicable to science parks in developing countries as long as
they are of the same type of scheme, however macro requirements
for their successful operation may be different.
Hypothesis 2- The fertile environment for the development of spontaneous
industrial clusters proposed by the literature is able to play a guiding
role in the management of science parks in developing countries.
Hypothesis 3 - Clustering advantages leading to the formation and sustained growth
of spontaneous industrial clusters function in the same way for
science parks in developing countries.
Hypothesis 1 is related to the first research question; Hypothesis 2 and 3, to the
second research question. The investigation of these hypotheses would lead to the
answers to the above two research questions. In terms of the third research question
concerning science park achievements, a review of the literature found that there has
been only minimal work concerned. The present study envisaged that park
achievements are the concrete targets that direct park managerial efforts and
management strategies. It is important that they be clearly articulated and understood.

5
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They should be part of an effective model for science park management. This research

question, therefore, was designed to be explored through interview. The following part
outlines the formation of the three hypotheses.
Hypothesis I - Micro-managerial strategies for science parks in developed
countries are applicable to science parks in developing countries as long as they are
the same type of scheme, however macro requirements for their successful operation
may be different. The literature shows that the first science park was established in

U.S. in 1951. The first park in Europe was opened in 1972; and in the Asia Pacific, in

the early 1980s. Parks in developing countries nearly all appeared after the early 198
(see Chapter 2). Studies with substantial content of science park management are
mainly from developed countries such as the U.S. and the U.K., the foremost countries
in science park development (see Chapter 4). Similar studies for parks in developing

countries are very rare. Although efforts have been made to transfer the experiences a

management strategies of parks in developed countries to parks in developing countries
no systematic study has been conducted to examine whether such efforts are
appropriate.
The present study identified three types of science park schemes from the

literature. They are the park/campus style, the center/incubator style and the city/r
style. The park/campus style with an organizational entity is the most common

worldwide. There is a tendency that this type of scheme houses a center/incubator-styl
scheme. Studies about science park management from developed countries mainly
reflect the experiences of the park/campus-style schemes. A limited number of studies
focus on the center/incubator-style schemes. Science park KSFs that these studies

nominate fall into three groups. They are park location factors, park preparation, and
professional management team. The present study, therefore, targets the park/campus-

6
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style schemes (with or without a center/incubator-style scheme) to probe management

strategies for science parks in developing countries. For this organizational type of

schemes, the study would suggest that micro-managerial strategies should be the same,
which should be irrespective of the status of a country's economic development,
however their macro requirements may be different.
Hypothesis 2 - The fertile environment for the development of spontaneous
industrial clusters proposed by the literature is able to play a guiding role in the
management of science parks in developing countries. Previous studies reflect that
science parks are planned industrial clusters. The wide spread of the science park
phenomenon after the early 1980s has been partly inspired by a decade (the 1970s) of
economic boom of some spontaneous high-tech industrial clusters (see Chapter 2).
Clustering is a natural behaviour of industries (see Chapter 3). Some spontaneous

industrial clusters have a history of over 500 years (see Drejer et al. 1999; Rouvine

Yla-Anttila, 1999). While the influence of prosperous spontaneous industrial clusters
has led to the creation of many planned industrial clusters, which can be found all
classified as science park schemes in some cases (see Chapter 2), research findings
about spontaneous industrial clusters, however, have rarely been applied to the
management of science parks.
The literature suggests that spontaneous industrial clusters are formed and
developed due to two types of advantages for firms. They are passive advantages and

long-term advantages. Passive advantages refer to the benefits that are generated fro

being within the physical proximity to favourite location factors. These benefits at

firms and lead to the initial formation of spontaneous industrial clusters. Long-term

advantages refer to the knowledge benefits and "milieu" benefits, that emerge from th
integration and interactions of related actors within physical proximity. These

7
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advantages can enhance firms' innovative capacities, effectiveness and long-term
competitiveness, and therefore, lead to the sustained growth of spontaneous industrial
clusters. Empirical studies have found that clustering also benefits firms and

entrepreneurs in developing countries (see Chapter 3). This implies that it is reasonab
for the present study to seek insights from the literature about spontaneous industrial
clusters for the management of science parks, the planned industrial clusters, in
developing countries.
One of the key aspects of cluster studies that the present research focuses is the
ingredients composing the fertile environment for the development of spontaneous
industrial clusters. Porter's (1990) "diamond" model has been found well acclaimed in
this field and widely cited. It is a seminal work, which has created a lot of academic
interest in cluster studies since the early 1990s (see Chapter 4). Porter's "diamond"
model has six ingredients. They are "factor conditions", "demand conditions", "related
and supporting industries", "firm strategy, structure and rivalry", "chance" and
"government". The model suggests that the interaction of these six factors in a
favourable way will benefit the development of spontaneous industrial clusters. The

present study takes as a starting point for the proposition that a well formulated model
for enhancing the development of spontaneous industrial clusters should be able to
guide the management of science parks as they are planned industrial clusters.
Hypothesis 3 - Clustering advantages leading to the formation and sustained
growth of spontaneous industrial clusters function in the same way for science parks in
developing countries. As mentioned above, the literature suggests two types of
clustering advantages that lead to the formation and development of spontaneous
industrial clusters. One is derived from the physical proximity to favourite location
factors. The other emerges from the integration and interactions among related actors.

8
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This study argues that clustering advantages that lead to the formation and sustained

growth of spontaneous industrial clusters should function in the same way for scienc

parks, the planned industrial clusters. Favourite location factors, with the advanta

they can bring about, attract firms to a park. Knowledge benefits and "milieu" benef

generated from the integration and interactions of related actors can enhance tenant
firms' long-term competitiveness. Tenants' success should represent the success of

science parks because assisting the growth of tenant firms is one of the key tasks o
science parks. Being planned industrial clusters, science parks have the obligation

enable all the advantages, that spontaneous clustering can generate, to occur for s

park tenant firms. Favourite location factors and the integration and interactions o
tenant firms with related actors are likely to be science parks KSFs.
The above issues were investigated in the context of the Singapore Science Park,
Technology Park Malaysia and the Thailand Science Park. The findings ultimately led

the study to the formulation of a model for science park management as an analytical
framework guiding the establishment and management of science parks in developing
oriented economies.

1.3 Research methodology and framework
A qualitative approach was adopted for the present research. It includes both in-

depth case studies and an exploratory study via interview. There are two reasons for

design of this methodology. Firstly, experiences show that science parks are long-te

developments. It usually takes one to two decades for a park to be full-fledged (see

Chapter 4). The study envisaged that different strategies should be needed for diffe
stages of park development and management. The investigation for the research

questions and hypotheses of the study and the management strategies to be formulated
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for parks in developing countries, therefore, would cover a long range of park

development. Various sources of information would need to be explored in order to get

sufficient information. In-depth case study is a good method to cope with it. Secondl
the literature reflects a paucity of studies focusing on science park management in
developing countries. Although a few case studies on parks in Taiwan and Brazil, two
newly industrialized countries (NICs), are available, they were conducted mainly
through documentation (see Lin, 1997; Xue, 1997; Cabral & Dahab, 1998; Cabral,
1998). Some information that the present study needs for the investigation of its
hypotheses and research questions are hardly available in the literature. Therefore,
exploratory study via interview to gain ideas and insights about those issues is
necessary^.
The research was designed to compose of three stages of activities. They are a
literature review, data collection, and data analysis.
Stage 1 - Literature review: The literature selected is in accordance with the

character of science parks, that is, planned industrial clusters, and their task of a
knowledge-based firms normally resident on site and knowledge-intensive activities.

The focus of the literature review is, therefore, on such key perspectives as science

parks and industrial clusters, and the literature concerning knowledge management and
innovation complements the analysis. These enable the understanding of the science
park phenomenon and their management strategies as well as the phenomenon of
spontaneous industrial clusters and their development. The research questions and
hypotheses are established on this basis.

2

Exploratory research is one in which the major emphasis is on gaining ideas and insights. It is
particularly helpful in breaking broad, vague problem statements into smaller, more precise sub-problem
statements. It is appropriate for any problem about which little is k n o w n (Churchill, 1992).
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Stage 2 - Data collection: Data collection targets both primary and secondary

information from and about the science parks selected for in-depth case studies. Th
parks selected are the Singapore Science Park, Technology Park Malaysia and the
Thailand Science Park. They provide the study with three examples of government-

driven schemes in the park/campus style, which were established in economies at the
developing stage. The primary information was collected through interviews at each

these three parks. The interviews probed important issues that are not available in
exiting literature. A convenience sampling method was applied3. 19 park management

executives and 20 tenant executives were interviewed (see Appendix 1). Questions us

had been piloted before the data collection in order to test their feasibility and

preliminary understanding about the issues concerned. The pilot interviews were ca

out in the Tasmanian Technopark, one of the earliest science parks in Australia. Th

Park is of the same type of scheme as the cases selected. It was ranked the top nin

popular science park in the Asia-Pacific region by Corporate Location's 1997 survey

(Corporate Location, 1997)4. A convenience sampling method was applied for the pilot
interviews. Interviewees include two park management executives and eight tenant

executives (see Appendix 2). The secondary information collection focused on report

documents, local newspapers and journal articles concerning these three parks and t
national policies and economic development in relation to the establishment and

development of these parks. They were from the three parks concerned, the libraries

various universities such as the National University of Singapore and the Asian In
of Technology in Thailand as well as various electronic databases.

3

In the convenience sampling method, the researcher uses any convenient method to recruit a sample
the desired size (Jarboe, 1999). According to Churchill (1992), convenience sample is also called
accidental sample. Those included in the sample enter by accident - they just happen to be where the
information for the study is being collected.
* Another reason for the selection of Tasmanian Technopark for the pilot interviews is that the researcher
was doing the research in Tasmania|f at that time.
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Stage 3 - Data analysis: The work at this stage refers to the processing and
analyzing the information collected. It includes both the primary information drawn
from park management executives and tenant executives and the secondary information
collected from various sources. This provides the basis for the investigation of the
hypotheses and the formulation of a developing economy oriented model for science
park management.
The study further designed a research framework to guide its research activities.
The framework is composed of six parts (Figure 1-1). Part one targets information
collection. It includes both primary and secondary information needed for the
investigation of the hypotheses and research questions. Information focuses are as
follows:
• management strategies for park success in the perceptions of park management
executives;
• factors attractive to knowledge-based firms in the perceptions of tenant
executives;
• related and supporting industries/sectors of science parks in the perceptions of
park management executives; and
• reports, documents, local newspapers and journal articles about these parks and
their national policies and economic development in relation to the establishment
and development of these parks.
Part two to four cover the investigation of the three hypotheses and their related
research questions. Part five explores the answer to the third research question
concerning science park achievements through interviewing park management
executives and tenant executives. Part six leads to the formulation of a developing
economy oriented model for science park management based on all the findings.
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Figure 1-1. Research framework
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1.4 Thesis outline
The thesis has ten chapters (Figure 1-2). Chapter One provides an introduction to

the study. Chapter Two to Four present the findings from the literature review. Cha

Five outlines the selection of three science parks for in-depth case studies. Chap

to Eight focus on the investigations for the hypotheses and research questions. Cha
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Figure 1-2. Thesis structure

Conclusion

Conclusion
(Chapter 10)
A developing economy
oriented model for science
park management
(Chapter 9)

Investigation

±

Investigation on clustering
advantages & science park
achievements (Chapter 8)
Investigation on the fertile
environment for
spontaneous industrial
clusters (Chapter 7)
Investigation on science
park management
strategies (Chapter 6)

±:

i

Science park case selection
(Chapter 5)

Literature
review

±

Factors enhancing
spontaneous & planned
industrial clusters
(Chapter 4)
Spontaneous industrial
clusters & clustering
advantages (Chapter 3)
Science parks and their
developments
(Chapter 2)

--f--,
Introduction
(Chapter 1)

14

Chapter 1. Introduction

Nine elaborates the developing economy oriented model for science park management
proposed by the study. Chapter ten presents the conclusion of the thesis.
As the introduction of the thesis, Chapter One outlines the research background

and research objectives. It also presents the research questions and hypotheses as we
the research methodology and research framework designed for the investigation of

these issues. A thesis outline and the scope and limitations of the present study are
provided at the end of the chapter.
Chapter Two focuses on the development and diffusion of the science park

phenomenon. It reflects that a science park is a property-based initiative establishe
assist the growth of knowledge-based firms and knowledge-intensive activities. There
have been two main driving forces behind the phenomenon: universities and

governments. Universities initiated the phenomenon from the early 1950s to serve thei
university-oriented objectives such as capitalizing land and research results,
encouraging academic entrepreneurship, enhancing university-industry co-operation,

and creating employment for graduates, Governments, intending to use science parks as
a mechanism to promote innovation and boost their economic output, have been
contributing to a worldwide growth in the number of science parks, including in

developing countries, since the early 1980s. This chapter also describes the features

three major types of science park schemes: the park/campus style, the center/incubato
style and the city/region style.
Chapter Three focuses on the phenomenon of spontaneous industrial clusters.
Spontaneous industrial clusters, as agglomerations or concentrations of related
companies and/or institutions, vary in many aspects. Their formation is due to the

existence of favourite location factors that attract firms to operate nearby. Knowled
benefits and "milieu" benefits that further generated from the integration and
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interactions a m o n g related actors within the physical proximity enhance firms'

competitiveness, and therefore, lead to the sustained growth of spontaneous industria

clusters. Clustering also benefits firms and entrepreneurs in developing countries. T
implies that the idea of developing planned industrial clusters to assist the growth
knowledge-based firms is a right measure, although how to management them well is

another matter. It also suggests that it is reasonable to apply the research finding
spontaneous industrial clusters to the management of science parks, the planned

industrial clusters, in developing countries. The study argues that clustering advan

should function in the same way for science parks as they do for spontaneous industri
clusters. Science parks should have the obligation to enable all the advantages that
emerge from spontaneous clustering to occur for their tenant firms.
Chapter Four extracts from the literature the ingredients that compose the fertile
environment for the development of spontaneous industrial clusters and science park
KSFs, that have emerged almost entirely from developed countries. It elaborates
Porter's (1990) "diamond" model for the fertile environment for the development of

spontaneous industrial clusters as well as the others' work in this perspective. Port
"diamond" model, which is the most extensive and widely cited, is selected for the

investigation of the hypothesis concerned of the study. The KSFs for science parks in

developed countries nominated by the literature are classified into three groups. The
are park location factors, park preparation, and a professional management team. A
comparison between these KSFs and the ingredients of Porter's "diamond" model finds
that science park location factors and "factor conditions" of Porter's "diamond" are
closely associated. All the others are not quite related to each other.
Chapter Five introduces the science park case selection. Primary criteria designed

for the potential cases include parks being initiated and established in economies at
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developing stage and parks being government-driven schemes in the park/campus style,
the mainstream type of schemes in developing countries. Three activities were

conducted accordingly. The first one is a benchmarking practice among science parks o
developing countries and NICs in Asia, where the largest group of early parks of
developing countries are located. Criteria used are those generally related with the

attributes of the type of parks that the study targets and park performance. It scre

the Singapore Science Park and Technology Park Malaysia as the first two choices. The

Thailand Science Park provides a case at the early stage of park development. The oth
two activities include an examination on the national scenarios in relation to the
establishment of these three parks and an examination on their park operations. They

indicate that these three parks would provide appropriate cases for the present study
The different levels of their maturity and their national economic development at

present would provide the study with a wide range of information and experiences abou
science park management in the context of developing oriented economies.
Chapter Six to Eight report the investigations for the hypotheses and research

questions in the context of the above three science parks. Chapter Six focuses on the
first hypothesis and the first research question concerning science park management

strategies. The investigation of the second and third hypotheses, which are related t
second research question concerning the factors enhancing the development of

spontaneous industrial clusters, are presented in Chapter Seven and Eight respectivel

Chapter Eight also addresses the third research question of science park achievements
Findings from the investigations support the three hypotheses and serve to inform

the research questions. For the first hypothesis, they indicate that all the KSFs for

science parks in developed countries reflected in the literature are also critical f
three science parks under study. However, developing country specific KSF(s) exist.
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T h e one identified by the study is government support, which has significantly
influenced the establishment, development and management of these parks. This

suggests that micro-managerial strategies for science parks in developed countries a

applicable to science parks in developing countries, but different macro requirement
are needed for their successful operations. Both government with the macro
environment it creates and a park management team with the strategies it formulates
play important roles in the performance of a science park in a developing country.
For the second hypothesis, the investigation targets Porter's "diamond" model for
the fertile environment for the development of spontaneous industrial clusters. The
analysis in Chapter Seven confirms that four of the six ingredients of Porter's

"diamond" model can be KSFs in the context of these three parks under study. They ar
"factor conditions", "demand conditions", "related and supporting industries" and
"government". One ingredient, "firm strategy, structure and rivalry", needs to be
supplemented with related micro-managerial issues in order to make it an effective
science park KSF. "Chance", another ingredient, appears irrelevant. These findings
suggest that the performance of science parks in developing oriented economies

depends on the interactions between two levels of management: the national policy le
and the science park organizational level.
For the third hypothesis, the analysis in Chapter Eight presents that, as with

spontaneous industrial clusters, favourite location factors with the advantages that

can bring about are the prerequisite for attracting knowledge-based firms to a scien
park. Knowledge benefits and "milieu" benefits that emerge from the integration and
interactions among related firms and sectors are the incomparable values for the

development of tenant firms and science parks themselves. This implies that creating
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the clustering advantages for tenant firms should be part of the key objectives that guide
science park management.
Chapter Eight focuses on the third research question concerning the achievements
of government-driven park/campus-style science parks in developing countries.

Findings suggest that park outputs are appropriate to be regarded as park achievement

They include the number of R&D results, tenants' growth, contribution to the national

economy, and the number of technology transfers. Directing park managerial efforts an
management strategies accordingly would be helpful in carrying out effective park
management and the maximization of the investments in science parks.
Chapter Nine presents a developing economy oriented model for science park
management proposed by the present study. It is composed of four interrelated and
interactive determinants: "favourite location factors", "a professional management
team", "strategic micro-management" and "supportive macro-environment". The

discussion draws attention to the importance of each determinant as well as the effe
interactions among them for park success in a developing oriented economy.
Chapter Ten is the conclusion of the thesis. It provides an overview of the
research questions and hypotheses, synthesizes the research findings and result, and
elaborates the key implications for policy makers and park managers in developing

countries. The chapter concludes with a discussion of the significance of the study a
topics for further research.

1.5 Scope and limitations
The study conducted its investigation on various issues in the context of three

science parks in three countries. The most mature park, the Singapore Science Park, i

around 20 years old. Although the youngest one, the Thailand Science Park, has not ye
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officially opened, its planning and initiation can be traced back over a decade. Getting
sufficient park-specific and related country-specific information so as to understand
their establishment, development and management is challenging work. The study

applied various approaches for gathering information. As each of the three parks is pa
of their national technological infrastructure, and is embedded in their national
economic policy for science and technology, the sense of national secrecy about them

exists. While being industrial properties, these parks also have their business chara

The sense of business secrecy, therefore, also exists. These provided a certain degree
difficulty for the study in collecting primary information. As far as possible, this
difficulty has been compensated by collecting and analysing a large amount of
secondary information.
The study focuses on analysing and developing management strategies for
science parks in developing oriented economies. The analysis and argument developed
in the thesis are based on various issues concerning the management of science parks.
Specific issues concerning the management of tenant firms have not been the major

concern of the study although they can also influence the performance of a science par
as most science park achievements are embodied in the development and achievements
of tenant firms.
The model for science park management articulated in this thesis is formulated on

the basis of the investigations in the context of three science parks in three countri

Although these three parks emerged as the appropriate cases for the study, they do not

necessarily represent the situation in all the other countries. Each country has its o

particular historical, economic, scientific and technological development trajectorie
The study suggests that park managers and policy makers use the model as a guideline

for their park establishment, development and management. It is also necessary to take
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into account their local scenario such as the development of industries and science
technology as well as business environment.
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Chapter 2
Science Park Phenomenon and Development

This chapter reviews the development of the science park phenomenon. It focuses

on three aspects of the science park literature. They are the science park definiti

driving forces behind the science park phenomenon, and the typology of science park

It presents that science parks are essential industrial properties. They house a la
proportion of knowledge-based firms and knowledge workers engaging in knowledge-

intensive activities. Schemes of this nature are named differently in different cou

and regions. "Science park", "research park" and "technology park" are more frequen

used. Universities initiated the science park phenomenon in the 1950s for the unive

oriented objectives such as capitalizing land and research results. Encouraged by t
economic booms of successful science parks and prosperous spontaneous high-tech

industrial clusters, policy makers picked up the idea of establishing science parks

purpose of economic development after the early 1980s. This led to a rapid increase

the number of science parks since then. With the same expectation, that is, assisti
knowledge-based firms and knowledge-intensive activities to generate economic
benefits through the development and application of science and technology,

governments of developing countries have also been establishing science parks since
1980s.
Science park schemes worldwide vary. In some cases, they are presented as a

park/campus style, while in others, they have been developed either as incubators o

urban/regional developments. Their sizes vary between the range of a single buildin

a city. Their styles have been designed or adopted in accordance with local scenari

and expectations. This implies that the experience of one park is unique, and shoul
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be applied to another without careful examination. N o r can one model for management
be effective for all science parks.
The available information from the literature enables the present study to classify
science park schemes into three types. They are the park/campus style, the
center/incubator style and the city/region style. The park/campus style appears
appropriate for this study probing science park management strategies. Firstly, this

is the most popular worldwide. It also tends to house the facilities and functions of
center/incubator-style scheme. Secondly, it has an organizational entity and a
management team engaging in park operation, for which management strategies are

necessary. Thirdly, the literature with substantial content of science park managemen
mostly reflects the experiences of the park/campus-style schemes in developed
countries. This would enable the present study to carry out the investigation of its

hypothesis and first research question concerning science park management strategies.

The study, therefore, defines its working definition of a science park as a property-

initiative with an organizational entity, which is established to assist the growth o
knowledge-based firms normally resident on site and knowledge-intensive activities.

2.1 Science park in definition
A review of the literature finds that science parks include schemes under various
similar names such as "research park", "technology park", "science and technology

industrial park", "high technology development", "innovation center", and "technology
incubator" (see Hennebery, 1984; Grayson, 1993; Kung; 1995; Xue, 1997; AURRP,
1998; IASP, 1998). Among all these names, "science park", "research park", and
"technology park" are more frequently used, and they are generally used
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interchangeably in m a n y studies (see Macdonald, 1987; DITC, 1989; Joseph, 1989a &
1994; Luger & Goldstein, 1991).
According to the study of the Department of Industry, Technology and Commerce
of the Australian Government, the names for science park schemes differ between

nations and even regions. In the U.S., the term "research park" is popular. In the
"science park" is used; and in Australia, "technology park" is most common (DITC,
1989). Joseph (1994) expresses a similar idea: "Depending on the country, the name1
can encompass developments such as research park, science park, business park and
high technology park. In the UK, for example, the term commonly used is 'science

park' and these are generally regarded as having a close association with a univer
academic institution. In Australia, the term 'technology park' is more common"
(Joseph, 1994:47-8). McQueen and Haxton (1998) also point out that those schemes:

"[i]n the USA, which were, and still are, called Research Parks; in Europe, usuall

Science and/or Technology Parks; and in Asia, Science and Technology Industrial Pa
(STIPs)" (1998:486).
As for the two international level science park associations, namely, the

International Association of Science Parks (IASP) and the Association of Universit
Related Research Parks (AURRP), their definitions include four different names:

science park, technology park, research park, and technology incubator2. IASP defin
"A science/technology park is a property-based initiative which

• has operational links with Universities, Research Centers and other Institutions
Higher Education.
•
is designed to encourage the formation and growth of knowledge-based industries
or high value-added tertiaryfirms,normally resident on site.
1

It refers to "technology park".
IASP was established in 1984, A U R R P , in 1985. The former is based in Spain; the latter, in the U.S.
Both have member parks from all over the world. IASP also has its member leadership from different
parts of the world, and has its divisions in Europe, Asia-Pacific, Latin America and North America
(McQueen & Haxton, 1998). They work as a useful vehicle for professional networking and cross
fertilisation, and provide a forum for science park developers and managers (Orr, 1994).
2
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•

has a steady management team actively engaged in fostering the transfer of
technology and business to tenant organizations" (IASP, 2001).

AURRP defines: "A university related research park or technology incubator is
defined by AURRP as a property-based venture which has:
• Existing or planned land and buildings designed primarily for private and public
research and development facilities, high technology and science based
companies, and support services.
•
A contractual and/or formal ownership or operational relationship with one or
more universities or other institutions of higher education, and science research.
•
A role in promoting research and development by the university in partnership
with industry, assisting in the growth of n e w ventures, and promoting economic
development.
•
A role in aiding the transfer of technology and business skills between the
university and industry tenants" ( A U R R P , 2000).
Though using different names, the definitions provided by IASP and AURRP
share similar opinion in the following key aspects about science parks:
What : property-based schemes
For whom : knowledge-based firms and technology-intensive activities
Why : assisting the growth of knowledge-based firms & technology transfers
How : bridging higher education/research institutions and industries
Some studies have tried to make a distinction between schemes with similar

names based on their difference in a certain dimension. In-park activity is a major one
Others include the type of in-park workers, academic involvement, and park physical
manifestations. Minshall (1983) distinguishes science park, technology park, office
park, and industrial park according to their in-park activities and workers. In his
opinion, science park houses such activities as research, engineering, proto-type
activities, and certain types of office and administrative activities. No light

manufacturing, distribution, and business services are accepted. It is clearly oriented
toward research. The potential workforce is dominated by professional and technical
employees. Technology park is a quality development that is suited for a wide range of
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activities such as R & D , high technology and light manufacturing activities, office and
administrative functions, and a wide range of services. White-collar professionals,

clerical and highly skilled production personnel such as craftsmen are to be found the
in addition to large numbers of scientists, engineers and technicians. Office park is
development for general category of office/mixed use. It provides locations for not
R&D, but also a wide range of office, light manufacturing, and business supporting
services. Industrial park is clearly oriented towards the production, service, and

distribution of traditional industries. It combines office and research functions, and
tends toward traditional production and distribution. It may not be well suited for
range of high technology activities.
Lowe (1985) presents a definition for the names research park, science park and
technology park. Distinction is made according to their activities and academic
involvement. He says:
"The 'purest' form is a research park which will usually be close to or on the
campus of a university. The key area of activity here is academic/industry liaison
in leading edge technologies. Usually this is maintained by the university having a
key role in the management of the park with scientific advance being more
important than rental income from tenants. The term science park is more
accurately used for a similar sort of situation but where developmental work is as
important as research and where prototype production facilities m a y exist. A
technology park is usually a development to accommodate companies engaged in
the commercial application of high technology. Academic involvement m a y be
low or non-existent and some production, sales and servicing m a y be allowed"
(Lowe, 1985:31).
The Australian Department of Industry, Technology and Commerce (DITC) also
provides a definition for research park, science park and technology park through
synthesizing the studies of Debenham et al. (1983), Queensland Premier's Department
(1984) and Maruyama (1985). In-park activity again is the key dimension that makes

the difference. It suggests that a research park implies a high quality and low densit
physical environment in a park-like environment; interaction between academics,
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researchers and commercial organizations and entrepreneurs; and an environment for
research and product development, with conventional production and office activities
excluded. A science park can include light industrial production relating to scientific
research and appropriate ancillary services (In addition to it, IASP's definition is used).
A technology park is a collection of high-technology industrial companies concerned
with both research and manufacturing

located in attractive, well landscaped

surroundings and situated within a reasonable catchment area of a scientific university
or major research institute (DITC, 1989).
Porter (1989) distinguishes between innovation center, science park, research
park, and technology park according to their particular physical manifestations and
activities. In his opinion, innovation centers are small developments with limited space
geared to start-ups. Science parks are on landscaped sites adjacent to a higher education
institution suitable for both n e w and established knowledge based enterprises. Research
parks are often similar to science parks, but m a y have a greater range of manufacturing
activities with less obvious connections to educational establishments. Technology
parks

(or technopoles) are large areas where knowledge based activities are

concentrated and where technology transfer links with higher education institutions are
often tenuous3. Porter's definition for research park can be seen to be quite different
from the others' in terms of its activities.
Luger and Goldstein (1991) argue that there is no "pure" science or research park
because parks often include s o m e service-oriented businesses such as hotels, restaurants,
banks, law offices, accounting firms, and child care centers as well as s o m e businesses
primarily engaged in production rather than R & D . Nevertheless, industrial parks, office
parks and business incubators are less technology-intensive compared with science or

3

Science park schemes in France are called "technopoles" (Sunman, 1989),
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research parks. Manufacturing is the primary focus of industrial parks. Administration or

sales are the main functions of office parks. Business incubators provide space in mul
tenant buildings for new and small businesses.
Grayson (1993) makes a distinction between research park, science park and
technology park based on in-park activity and academic involvement. His ideas are in
agreement with Lowe's (1985).
"Research park - the 'pure' form in which the principal form of activity is
academic/industrial liaison in leading edge technologies. The academic institution
normally takes the lead in such initiatives, and the prime motivation is likely to be
the advance of scientific and technological knowledge rather than the acquisition
of rental income.
Science park - similar to the research park in that it is usually located on, or very
near to, the university campus. However, developmental work is likely to be as
important as pure research, and some prototype production facilities m a y exist.
Formal research links between the university and tenant companies may, in
practice, be relatively slight although the informal relationships engendered by
physical proximity can be significant.
Technology park - usually designed to accommodate firms engaged in the
commercial application of advanced technologies. Academic involvement is likely
to be minimal, and some full scale production, sales and servicing m a y be
permitted. S o m e initiatives which begin as research or science parks m a y evolve
into technology parks under pressure to maximize rental income, and some m a y
end up as little more than high quality industrial or business parks where R & D is
largely irrelevant" (Grayson, 1993:3).
The above definitions reflect that science park schemes are essential industrial

properties. They engage in leasing land and/or building space to knowledge-based firms
and knowledge-intensive activities while providing assistance to them. Such schemes
are more often named as "science park", "technology park", and "research park". Other
names that can also be found include "science and technology industrial park", "high
technology development", "innovation center", and "technology incubator". The key
dimension that distinguishes science park schemes from other high quality industrial

properties such as office parks, business parks and industrial parks is the major in-p
activities. Most activities of science park tenants are knowledge-intensive. The
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subsequent dimensions can include whether they have a large proportion of knowledge

workers and close relationships with universities and/or research institutions. Alt

science park schemes are at the high end of the spectrum of knowledge-intensiveness,
their activities can hardly be pure R&D. Related supporting activities and services
unavoidably exist.

2.2 Driving forces behind the science park phenomenon
The idea of a science park originated in the U.S. in the early 1950s (Hennebery,
1984; Macdonald, 1987; Grayson, 1993; Xue, 1997). The Stanford Research Park in

Palo Alto, California, founded in 1951 (LaValle, 1982; Hennebery, 1984; Carter, 1989
Aley, 1997; McQueen & Haxton, 1998), was the first science park in the world

(Danilov, 1971; Kung, 1995)4. The next schemes of note are the Research Triangle Par
established in 1959 and the Cummings Research Park, in 1962. Both are in the U.S.
(McQueen & Haxton, 1998)5.
Not many science park schemes were established during the first three decades
after the first park appeared. There were only about 21 by the end of the 1960s and

about 39 by the end of the 1970s. The real introduction and growth of the science pa
phenomenon started in the early 1980s. Over 270 parks could be found in 1990, and

nearly 900, in 2000. A large proportion of parks established during the last decade
situated in Asia (McQueen & Haxton, 1998; Haxton, 2000). The development focus has
been shifting from developed countries towards developing countries (Lacave, 1996)
(Table 2-1).

4

The park was originally named the Stanford Industrial Park. The name was later changed to the Stanford
Research Park to reflect more accurately the Park's evolution as a site primarily housing scientific
research and corporate headquarters (Franco, 1985).
5
According to LaValle (1982), the Research Triangle Park was founded in 1958.
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Table 2-1. W o r l d w i d e science park diffusion
Year
1951

No. of Parks
(approximate)
1

Location
the U.S.

1970 21 North America, Europe
1980 39 North America, Europe
1990 270 North America, Europe, Asia Pacific,
South America, Africa
2000 900 North America, Europe, Asia Pacific,
South America, Africa
Note: The numbers of science parks vary in the literature depending on the
criteria applied for what should be a science park scheme. Figures in
this table are from McQueen and Haxton (1998) and Haxton (2000).

T w o types of parks have been found playing an important role in the whole
science park phenomenon. They are university-driven schemes and government-driven
schemes. University-driven schemes started the phenomenon. They serve universityoriented objectives. Government-driven schemes have become widely spread
throughout the world since the early 1980s and have been the mainstream of science
parks up till now. They aim at accelerating economic development. Current evidence
indicates that government-driven scheme will also be featured in the science park

development in developing countries in the near future. Details about these two types
science parks are presented hereunder.

2.2.1 University-driven science park development
University-driven schemes characterize those science parks established before the

early 1980s. Nearly all of them are located in the U.S. and Europe. Most of them serv
university-oriented objectives. This is well reflected in Lowe (1985). Lowe (1985)

found that science parks in the U.S. historically were attempts to better exploit aca

enterprise and research. "[T]he willingness of university authorities to adjust a num
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of administrative policies and to create an environment which allowed individual
academics to develop their own commercial ventures whilst continuing as members of
the university" (Lowe, 1985:33) encouraged the development of science parks. In spite
of their heterogeneity, most science parks established by the mid 1980s have four
important major objectives. They are:
• to provide a mechanism whereby companies formed by academics can spin out or
off from the academic environment to form a focus for new enterprise
development;
• to create a structure within which technology/knowledge can be transferred at the
least cost between academics and business practitioners;
• to be a means whereby academic research keeps in touch with commercial
priorities; and
• to create a culture whereby academics and industrialists generate research and
enterprise synergy within their own groups (Lowe, 1985).
More detailed descriptions about these early parks support Lowe's (1985) opinion.
LaValle (1982) points out that science parks in the U.S. originally started for the
purpose of complementing academic programs and raising income for the universities.
The 770-acre land of the Stanford Research Park was part of the University's original
endowment, which could not be sold. Therefore, the land was leased up to a maximum

of 51 years. This arrangement raised several million dollars annually for the Universi
The Research Triangle Park, on 5,700 acres of rolling hills in North Carolina, was

conceived as a method for the universities of North Carolina to pool their intellectual
and financial resources in order to promote research.
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Grayson (1993) also suggests that science parks in the U.S. were initially

promoted by universities as a means of capitalizing on land resources and encouraging
greater academic entrepreneurship. The reason for this is that:
"[ujniversities in the United States (even those which are publicly funded) operate
in a far more commercial environment than has hitherto been the case in Europe,
and an important motivation behind the development of science parks has been
the need to earn revenue, prevent the loss of top science and engineering talent to
industry or other universities, and to create employment opportunities for
graduates" (Grayson, 1993:85).
Similar to the U.S., the early parks in Europe were also established by
universities. The first one was initiated by Cambridge University. It was quickly
followed by Heirot-Watt. Both are in the U.K. They were opened in 1972 (Allesch &
Fiedler, 1985; Monck et al., 1988; Grayson, 1993). No other schemes appeared in the
U.K. until the early 1980s (Carter, 1989; Westhead & Batstone, 1998; Kenward, 1991).
Carter (1989) describes these two parks as speculative ventures of the universities:
"The first generation of science parks were speculative ventures by Trinity
College, Cambridge, and Heriot-Watt University, Edinburgh, designed to increase
industry-university liaison. They did not, in the early years, include speculative
building. Few, if any, universities can afford to develop a fully fledged science
park without external financial inputs" (Carter, 1989:28).
Although the early 1980s tends to be the watershed dividing the two types of
science park development, namely, university-driven schemes and government-driven
schemes, it is not an absolute cut. For example, Belgium and France started their
government initiatives in the 1970s (Porter, 1989; Grayson, 1993). In the U.K., most

the science parks that appeared after the early 1980s were still initiated by univers
or other higher education institutions. One major reason was the cuts made by the
U.K.'s University Grants Committee in 1981 (Carter, 1989). A need to find redundant
academics somewhere to go emerged as a result. Meanwhile, there was a political
climate encouraging university-industry co-operation (see Technology Magazine, 1984;
Moreton, 1984; Wright, 1985; Lowe, 1985; Oakey, 1985; Grayson, 1993). Universities
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"have been forced to look to the private sector through the development of industrial

liaison services with existing companies and by the establishment of spin-out firms t
commercialize the results of research, for which a science park is a useful focus"
(Grayson, 1993:5). By 1992, there were 42 operational science parks developed by
higher education institutions in collaboration with partners from both the public and
private sector (UKSPA, 1996).

2.2.2 Government-driven science park development
Most of the science parks established after the early 1980s were initiated by
governments to serve the objective of economic development. The number of this type
of parks has continued to grow and has led to a worldwide blossoming of the science

park phenomenon. According to the literature, what ignited the interest of policy mak
in science parks was the economic booms of successful parks and prosperous
spontaneous high-tech industrial clusters in the U.S. and the U.K.
In the U.S., some early science parks such as the Stanford Research Park and the
Research Triangle Park started to show signs of success in the 1970s. By 1982, the
former had 70 tenants, the latter had 28. Both had about 17,000 people working inside

(LaValle, 1982). According to Luger and Goldstein (1991), by the end of the 1980s, the
Stanford Research Park had about 28,000 employees. They made annually nearly $15

million in property tax, sales tax, and net utility payments to the city of Palo Alto
generated nearly $5 million in income for the university. The Research Triangle Park
had about 50 R&D-oriented organizations with a combined workforce of about 32,000.
Their success together with the economic boom around them, led many officials in
regions whose economies were disproportionately concentrated in slow-growth or
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declining industries and hard hit by back-to-back recessions to attempt to emulate them
(Luger & Goldstein, 1991).
Other studies introduce more models including spontaneous industrial clusters
such as Silicon Valley and Boston's Route 128 in the U.S. and the Cambridge
Phenomenon in the U.K. (see Joseph, 1989a; Van Dierdonck et al., 1991; Bass, 1998;

Macdonald, 1998). Silicon Valley is actually California's Santa Clara Valley next t
Palo Alto, the home of Stanford University. Until the 1960s the Santa Clara Valley

a home to prune, apricot and cherry orchards, and a world-class canning and packing
industry. Today the world knows it as Silicon Valley (Williams, 1998). It is the

birthplace of pocket calculators, video games, home computers, cordless telephones,

laser technology, microprocessors, and digital watches. Creating about 40,000 jobs e

year, most related to information technology, Silicon Valley enabled the local econo

to be the fastest-growing and wealthiest in the U.S. by the mid 1980s (Rogers & Lar
1984)6.
The corridor along Route 128 circling Boston, Massachusetts, emerged in the

1960s as a dynamic center of invention and entrepreneurship in electronics (Jenning

1995). The Massachusetts Institute of Technology with both its research activities an
graduates played an important role in the formation of the technology complex (see

Saxenian, 1994a). By 1975, it was employing close to 100,000 workers and was poised
for a decade of explosive growth (Saxenian, 1994b). It helped to revitalize the
Massachusetts economy. Massachusetts had the lowest unemployment rate of any

6

Disagreements exist in terms of the formation of the "Silicon Valley". Many studies cite it as an
example of spontaneous industrial cluster (see Allesch, 1985; V a n Dierdonck et al., 1991; Castells &
Hall, 1994; Luger, 1996). O E C D regards it as an industrial complex with a high degree of spontaneity.
Saxenian (1985), M o n c k et al. (1988), Larsen and Rogers (1988) and Broadhurst (1988) argue that it is
the Stanford Research Park, the planned development, that attracted entrepreneurs setting up companies
and R & D facilities there. According to the definition of the present study, Silicon Valley is a spontaneous
industrial cluster as it was formed without any planner and/or organizer. So are Route 128 and the
Cambridge Phenomenon.
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industrial state in the union in 1986 in contrast to its unemployment rate in the 1960s
being well above that of the rest of the U.S. By 1988, one out of every three
manufacturing jobs in Massachusetts was high-tech (Herbig & Golden, 1993).
The Cambridge phenomenon refers to the growing number of advanced
technology companies established in and around the university and market town of
Cambridge, England. This enabled the rate of unemployment in that area to be
significantly lower than the national average (SQW, 1985). According to Lowe (1985),
the phenomenon was fuelled by a ready supply of entrepreneurs with inventive ideas, a
growing labour force attracted by the magnetism of Cambridge, proximity to London
and a particularly innovative local banking team. They formed a synergy that led to a
massive growth of high tech industry in that area. The role of the science park of
Cambridge University in this growth tended to be a catalyst for bringing in these
innovative companies who as either direct spin-outs, or leaders of fashion, have been
important influence in creating the growth of high tech in Cambridge.
Van Dierdonck et al. (1991) suggest that these role models encouraged various

governments to establish their science parks around universities in order to boost the
economies:
"Those role models have led to attempts to imitate the emergence of hightechnology clusters. They convinced m a n y regional development planners that a
scenario existed to create regional entrepreneurial technology clusters. The local
university would act as a growth pole, being a locus of high technology
information to established industrialfirmsand, at the same time, being a source of
n e w technology-based firms. Physical proximity would ease the flow of
scientific/technological information and the creation of a network of
collaborations among different science park tenants. Resident companies would
gain privileged access to highly specialized manpower in the form of graduate
students and university researchers. Thus, one of the fundamental premises in the
justification for the growing number of science parks is that high-technology
industry benefits from its location alongside a university because of the enhanced
information, collaboration and recruitment opportunities" (Van Dierdonck et al.,
1991:111).
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Bass (1998) is in agreement with V a n Dierdonck et al. (1991), and finds that those
schemes created by policy makers are in various scales:
"The emergence of high technology centers such as Silicon Valley and Route 128
brought attention to the geographical basis of high technology development,
leading to various kinds of regional high technology ( R H T ) policies in countries
around the world. R H T policies attempt to recreate the dynamics found in leading
high technology regions by bringing together high technology industry and
research and development into specific locations. They m a y operate on various
geographical scales, including entire regions, cities or smaller property
developments. The former two refer to regional development plans, such as
Japan's 'technopolis' projects, and large-scale urban developments k n o w n as
science cities. The latter refers to research parks, also known as science or
technology parks" (Bass, 1998:391).
Some studies classify all these planned schemes, no matter how large or small, as
science parks (see Sunman, 1989; Porter, 1989; DITC, 1989; Grayson, 1993). The
following part presents the government-driven science park developments in North
America, Europe, and the Asia Pacific .

North America
Science park development focus in North America has been in the U.S., where
over 135 parks have been established upto the end of the last century (McQueen &
Haxton, 1998). The large majority of them have been created since 1982 (Luger &
Goldstein, 1991). Other countries have fewer parks. According to Giunta (1996),

Canada had 18 schemes by 1995. Mexico had four. No other detailed information about
parks in these two countries has been found in the literature.

7

Science parks in South America and Africa are not included in the following presentation due to the
limited information about them in the literature. South America is still in the early stage of science park
development. Thefirstpark was established in Brazil in 1986, where most science park activities in South
America are located. Africa is a very special case. The first park appeared in the mid 1950s. The second
one was established in the late 1980s, nearly 35 years after thefirstscheme was set up. The most
significant group of science parks in this continent are located in South Africa (McQueen & Haxton,
1998).
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In the early 1980s, the U.S. federal government withdrew from economic
development policy making. State and local governments took up science parks as a
useful element of policies designed to revitalize declining economies through the
promotion of high tech industry (Grayson, 1993). Luger and Goldstein (1991) expose
some details:
"The role of the federal government in subnational economic development policymaking in general has waned since the early 1980s. State and local governments
have had to fill the void in policy-making responsibility. But they also have had to
bear a m u c h larger portion of thefiscalresponsibility for economic development
initiatives. A s a result, m a n y states have had to adopt an entrepreneurial and
strategic approach to economic development, unlike the federal grants-based
approach of the 1960s and 1970s. Research parks represent both symbolic and
substantive means of attempting to increase a region's 'creativity' and innovative
capacity" (Luger & Goldstein, 1991:xv-xvi).
This, to a great extent, has resulted in the sharp increase in the number of science

parks in the country since the 1980s. 116 parks had been established by the end of th
decade (Luger & Goldstein, 1991); and over 135 parks, by the end of the 1990s.

Europe
The success of states in promoting their science park development in the U.S. has
had a significant impact within Europe. Interest in science parks at a pan-European
appeared in the 1980s. The number of parks in the five West European countries
increased from 10 in 1980 to 47 in 1985 (Marsh, 1996). In Northern Europe, Holland
joined the movement in the mid-1980s. Belgium increased her number of fully

operational parks to seven by the end of the decade. In Southern Europe, Italy had it

first park started in 1984, and Spain, in the late 1980s (Porter 1989). In Eastern Eu
Hungary set up her first science park in 1988 (McQueen & Haxton, 1998).
Government involvement in science park development has been overt in Europe
(Grayson, 1993). France and Germany, the key members in the European science park
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community, are two typical examples. In France, the central government has played a

major role in the creation and co-ordination of science parks (Luger & Goldstein, 19
The country had three science park schemes in the 1970s, 18 schemes by 1988 and 55
by 1998 (Porter, 1989; McQueen & Haxton, 1998). They were named technopoles
(Sunman, 1989; Porter, 1989). Technopoles in France play a strong symbolic role in
regional transformation. A technopole, as part of a wider economic restructuring
process, is usually defined to include all research establishments and students as

the university real estate development (Sunman, 1989). As specialized industrial cit
they were created to reduce the economic dominance of the He de France (Grayson,
1993).
Germany joined the science park movement in the early 1980s. Their science park
schemes are known as innovation centers (Allesch & Fiedler, 1985; Fiedler, 1989;
Sunman, 1989; Carter, 1989; Porter, 1989). The first scheme, the Berlin Centre of
Innovation and New Enterprises, started operation in November 1983 (Allesch &
Fiedler, 1985). 68 innovation centers had been set up by the end of 1988 (Fiedler,
1989). Over 100 schemes could be found in the country by the early 1990s (Grayson,

1993). The main impetus of such a quick development has come from regional and local

authorities. Innovation centers have been regarded as a useful way of counteracting
effects of traditional economic decline (Grayson, 1993). Their primary objective is

create new enterprises. Technology excellence or even job creation takes second plac
(Sunman, 1989).
The fundamental structure of these innovation centers is relatively simple. Allesch
and Fiedler provide a description:

"An existing building is reshaped so that 10 to 20 small units of enterprises will f
in. Well furnished bureau and conference rooms will be established as a c o m m o n
office center equipped with skilled personnel w h o will look after all secretarial,
administrational and organizational tasks. Contract terms will be relatively
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advantageous for tenants, e.g. short-term agreements or low rents. For the central
office services lump-sum shares of costs and individual rental fees will be taken.
The basic idea is to release thefinancialburden of enterprises by means of cost
sharing" (Allesch & Fiedler, 1985:7-8).
Government-driven science parks characterize most schemes in Europe

established after the early 1980s. No matter that they appear as regional developments

or refined buildings, they reflect the common objective of this type of scheme, that i
boosting economic development through promoting knowledge-intensive activities.

This policy intention can be found in Porter's (1989) analysis of the European science
park experience:
"The Science Park movement clearly reflects a general awareness of the
importance of n e w technology and knowledge based industry, particularly in a
period of final decline in m a n y traditional industries in Europe. Technology
transfer and regional economic development provide the c o m m o n themes which
link European Science Parks. But, while these two objectives are clearly interrelated, the emphasis given to each can vary considerably. This, in turn, is
reflected in the extent to which close association with a university is fostered, and
where such associations are considered peripheral to job creation and economic
rejuvenation. Again this differing emphasis is reflected in the type of parks
adopted. O n the one hand this might be a single building or a few hectares geared
to start-ups and spin-outs, with a strong bias towards innovations; on the other
hand the park m a y cover hundreds of hectares, where a wide range of activities
are permitted including manufacturing. Which approach or model is adopted will
inevitably reflect the objectives of the sponsors, which in virtually all countries is
heavily weighted to public authorities - national, regional or local" (Porter,
1989:21-2).

T h e Asia Pacific
Nearly all science parks in the Asia Pacific were established after the early 1980s
(IASP, 1998; AURRP, 1998). Most of them are government-driven schemes
characterized by government support with seed money for park establishment and
expansion in order to stimulate the growth of technology (Gwynne, 1992). Japan,
Australia, and China have larger numbers of schemes. Taiwan, Singapore, South Korea,
and Malaysia have a few. Thailand, Philippines, Papua New Guinea, Brunei and
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Vietnam have their science parks either under construction or in the planning. The real
growth of science parks in the 1990s has been in Asia (McQueen & Haxton, 1998:510).
In Japan, science parks have become a chief component of regional high
technology policy (Akimoto & Oda, 1992). They were created to meet the "urgent need
for regional decentralization in a country where spiraling metropolitan land prices

the deterioration of urban living conditions have become a threat to future economic

growth. Thus policies to enhance technology transfer and stimulate new high tech fir
coincide with much wider urban and regional planning objectives, and the resulting
developments are on a much larger scale than in most other parts of the world"

(Grayson, 1993:95). Though the first science park was opened in 1982 (Masuda, 1995),
the science park boom took off in the late 1980s, which produced over 100 schemes
(Bass, 1998). Most of them are not closely related with universities. A 1990 survey

found that only 10 out of 103 parks were "university related", and none was initiate
under university leadership (Masuda, 1992).
In Australia, policy attention in the early 1980s focused on Silicon Valley and the
means by which it might be recreated in Australian conditions. Science parks and

related initiatives were seen as a potentially fruitful response to the need to upgr
scientific and technological status of industry. State governments such as Western
Australia, South Australia and Queensland have played a particularly important role
the development of science parks (Grayson, 1993). Following the first park launched
Adelaide in November 1981 (Joseph, 1994), 20 parks were in operation by the end of
the 1980s (Grayson, 1993). Only the state of the Northern Territory had no such a
scheme (DITC, 1989).
In China, the first park, Shenzhen Science and Industry Park, was established in
1985. In 1988, the Chinese government initiated the nationwide Torch Program for
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developing high and n e w technology industries. The Program has focused on the
development of 52 selected science parks around the country (McQueen & Haxton,

1998). Most parks in other Asian countries were also established as a policy element fo
the purpose of assisting economic development towards knowledge-intensiveness
and/or industrialization (see Lin, 1997; Xue, 1997; Mathews, 1997; Chapter 5).
In accordance with the increasing enthusiasm for science parks from worldwide
policy makers, and the overwhelming number of schemes they have established, the

general objective of the science park phenomenon reflected by the literature has shift
from a university-orientation to an economy-orientation. Carter (1989) suggests that
science parks are established "to fulfil two main objectives: to encourage technology
transfer by reducing the time lag between innovation and production of new products in
a research and development environment; and to provide means of encouraging the
establishment and growth of high technology industry in an area in order to generate
wealth and employment" (Carter, 1989:1).
In the observation of Luger and Goldstein, "[rjesearch parks have become a

prominent element in state and regional development strategies in the United States, as
well as in Western Europe and Japan, Australia, and many other developed countries.
Also referred to as science parks and technology parks, they generally are intended to

serve as a seedbed or catalyst for the development of a concentration of innovation- an
technology-oriented business enterprises in a region or a state" (Luger & Goldstein,
1991 :xv).
In the viewpoint of Grayson (1993), the following three basic aims are commonly
acknowledged for science parks:
• "Economic development - to promote the formation and growth of commercial
operations based on technology so as to increase economic activity, wealth
generation and employment.
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•

Property development - to establish a property base to accommodate such
operations which will facilitate their development, generate income and develop
capital assets.

• Technology transfer - to assist in the transfer of technology from academia to
industry through consultancy, research contracts, informal contacts and the
formation of spin-out companies" (Grayson, 1993:119).
The economy-orientation that has replaced university-orientation of science park
objectives in the literature reflects the new function that science parks are expected
play - boosting economic development through assisting knowledge intensive activities
such as technology creation and application, technology transfer and innovation. Such

an expectation has been the major motivation for the establishment of the big proportion
of science parks in both developed and developing counties since the early 1980s, and
for more countries embarking on their science park development now and in the near
future. Governmental enthusiasm for science parks continues to grow.
As presented earlier, science parks have been established in various parts of the

world to cater for the particular needs of their developers. They present a wide scale o

difference, ranging from a single building to a city. This implies that the experience o
any park should not be applied to another without careful examination, and it won't be
possible for any model of management to be effective for all science park schemes. This

study, therefore, probes the typology of science parks through a literature review so as
to select one type of scheme to probe management strategies.

2.3 Typology of science parks
Science parks worldwide have different characteristics. This is because they have
been set up with different tasks in different environments. Identifying their typology
important for the present study in order to focus on an appropriate type from which to
formulate a model for science park management in developing countries. Information
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from the literature enables the study to classify science park schemes into three types
according to their physical manifestations and subsequent attributes such as internal
actors, organizational feature and country focus. They are the park/campus-style, the
center/incubator-style and the city/region-style schemes.
Park/campus-style schemes - The park/campus style is what the original science
park schemes look like in the U.S. They are often in a park-like environment, and
usually adjacent to a higher education institution (DISUKL, 1982; Porter, 1989). The
word "park" is used to suggest pleasant, comfortable, even desirable surroundings

(Carter, 1989). Many of the criteria associated settings revolve around the concept of

the real "park". "Campus settings, aesthetics, and green space are all descriptions th
apply to the projects that have been most successful" (Minshall, 1983:12).
Science parks of the park/campus style usually have a low density and a well-

designed landscape. They have the possibility of further land extension after the init
phase of development (Carter, 1989). They are suitable for knowledge-based firms of

different sizes and stages of development (Currie, 1985; Porter, 1989). Schemes in thi
style are actually quite different in size. For example, American science parks are
substantial developments mostly in excess of 200 acres, more akin to large very high
quality industrial estates. They are designed to attract high technology laboratories
large multinational companies (Monck et al., 1988). The average size of British
schemes is less than 50 acres (Hennebery, 1984). Australian parks are much smaller
(Joseph, 1989b).
Center/incubator-style schemes - The center/incubator-style schemes often
appear under the name of "innovation center" or "technology incubator" (see Allesch &
Fiedler, 1985; Quince, 1985; Monck et al., 1988; DITC, 1989; Sunman, 1989; Carter,
1989; Porter, 1989; McQueen & Haxton, 1998; AURRP, 2000). Innovation centers are
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also termed "incubator science parks" (McQueen & Haxton, 1998). This type of
schemes have restricted space (Currie, 1985; Porter, 1989). They are usually located
inner cites, close to university departments, where land is tightly constrained. They
have a higher building density than the park/campus-style schemes. Landscaped areas
for communal use scarcely exist (Carter, 1989).
The primary focus of such schemes is on assisting the growth of start-up firms
(Currie, 1985; Quince, 1985; Porter, 1989; McQueen & Haxton, 1998). They work as
prominent mechanisms for promoting the growth of technology intensive businesses by
offering accommodation and business support for newly formed companies (DITC,
1989). German science park schemes are mainly in this style (Sunman, 1989; Carter,
1989; Porter, 1989). In recent years, the center/incubator-style schemes have been
found often, but not necessarily, associated with the park/campus-type developments
(DITC, 1989).
City/region-style schemes - The city/region-style schemes include both Asian

technopolises and European technopoles. They can be either a city or a region in terms
of geographic scale. According to the Department of Industry, Technology and
Commerce of Australia, the concept of the technopolis was developed in Japan in the
early 1980s (DITC, 1989). Maruyama (1985) defines a technopolis as "a healthy living
environment with cultural amenities, combined with high technology industries away
from existing overcrowded industrial centers and adapted to local characteristics"
(DITC, 1989:8).
Lin's (1997) found that technopolises are planned cities where the economy is
driven by high technologies. They are typical in Asian nations, "where strategic
investments, especially by central government, are intended to create technologyoriented cities to serve as engines of growth for their respective regions" (Lin,
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1997:275). In Grayson's (1993) opinion, technopolis regions must have at least one
existing university providing courses on high technology, have sufficient local
enterprises to form a nucleus of entrepreneurial skills, and good communications links.

The aim is to encourage development in areas which are relatively lightly industrialize
Parallel with the Asian technopolises are the European technopoles, the typical
model of science park schemes in France (Sunman, 1989; Grayson, 1993). The word
"technopole" comes from the Greek, which means "a city of technology on which
activities pivot" (Voyer, 1998:94). Different from those Asian technopolises, the
European technopoles are generally based on an existing agglomeration of research

centers, and operate in fields closely related to the regional and industrial specializ
created by theplanification system (Grayson, 1993).
The above information shows that key differences emerge from these three types
of science park schemes viz. size, appearance, internal actors, organizational feature,
and country focus. A direct comparison of them is provided in Table 2-2.

Table 2-2. Attributes comparison of different park styles
Attribute

Park/campus-style
Medium

Size

Center/incubatorstyle
Smallest

City/regionstyle
Largest

Appearance

L o w density
with well-designed
landscape, green field
and aesthetic quality

High density
with little
landscaped areas
for communal use

A city or
region either
n e w or
restructured

Internal actors

Tenant firms of
various sizes and
stages of development

Start-up
tenant firms

Resident
actors
(exiting/new)

Yes

Yes

No

Various

Germany

France, Japan

Org. feature
Country focus

Note: Org = organizational
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•

Size: Generally, the center/incubator-style schemes are the smallest, the

city/region-style, the largest. The park/campus-style schemes lie in between.
• Appearance: The center/incubator-style schemes usually have higher building
density with little landscaped areas for communal use. The park/campus-style
schemes are characterized by low density and well-designed landscape with a
green field and aesthetic quality. The city/region-style schemes are basically a city
or a region, either new or restructured.
• Internal actors: The center/incubator-style schemes house mainly start-ups. The
park/campus-style schemes are suitable for knowledge-based firms of different
sizes and stages of development. The city/region-style schemes are regional
developments, where organizations and enterprises, either new or existing, are not
tenants, but residents.
• Organizational feature: The park/campus-style and the center/incubator-style
schemes tend to have the feature of an organizational entity. They have a
management team for daily operation and provide assistance to tenant firms. The
city/region-style schemes don't have either.
• Country focus: The city/region style is popular in France and Japan; the
center/incubator-style, in Germany. Science parks in other countries tend to be in
the park/campus style. There is a tendency that the park/campus-style schemes are
equipped with a center/incubator-style scheme as part of their facilities.
The present study targets the park/campus-style schemes to formulate a model for
science park management in developing countries. There are four reasons for this

selection. First, the park/campus style is the most popular worldwide. Second, it usually

includes the function of the center/incubator-style schemes, that is, assisting start-up
and there is a tendency that the park/campus-style schemes house a center/incubator-
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style scheme. Third, the park/campus-style schemes (including the center/incubatorstyle schemes) have an organizational feature and a management team for their daily
operation. Management strategies are necessary for them. A model for the management

of the park/campus-style schemes is expected to serve science park operations in more
countries and to be helpful for the center/incubator-style schemes as well. Last, but

least, the management strategies for science parks in developed countries reflected b

the literature are also about the park/campus-style (including the center/incubator-s
schemes (see Chapter 4). This enables the present study to identify the management

strategies for science parks in developed countries for the investigation of its firs

hypothesis - micro-managerial strategies for science parks in developed countries are

applicable to science parks in developing countries as long as they are of the same t

of scheme, however macro requirements for their successful operation may be different
(Hypothesis 1).

Figure 2-1. Science park schemes in knowledge-size quadrant
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A quadrant of two dimensions, scheme size and knowledge-intensiveness, can
reflect the key attributes of the science park schemes targeted by the study. They are
located on the up-left part of the quadrant (Figure 2-1).

2.4 Summary and conclusion
This chapter presents science park definitions, diffusion and typology identified

from the literature. These definitions indicate that science parks are actually indust
properties. They engage in leasing land and/or building space to knowledge-based firms

and assisting knowledge-intensive activities such as technology transfers. Science par
schemes include those under various names such as "research park", "technology park",
"science and technology industrial park", "high technology development", "innovation
center", and "technology incubator". Among them, "science park", "research park" and
"technology park" are more frequently used.
Some studies have tried to make a distinction between "science park", "research
park" and "technology park". They assert that research parks are usually initiated by

universities for the academic/industrial liaison in leading edge technologies. Science
parks tend to emphasize research as well as developmental work and some prototype
production. Technology parks house more commercial application of advanced
technologies. The present study does not promote such a classification. Science parks
can hardly house pure research or pure R&D as related services are necessary. As long
as a scheme engages in leasing land and/or building space to knowledge-based firms

and assisting knowledge-intensive activities, it can be regarded as a science park even
though it may be named differently.
Science park schemes can be easily mixed with other industrial properties such as
high quality office parks, business parks and industrial parks, which may present a
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similar appearance. In-park activity is the key dimension of making a distinction.
Science parks are at the higher end of the spectrum of knowledge-intensiveness. They
house a large proportion of knowledge-intensive activities and more knowledge
workers as a result. Non-science-park schemes permit more business or manufacturing
activities.
The science park phenomenon has a 50-year history. University-driven schemes
characterize science park history before the early 1980s. They were mainly established
in North America and Europe, serving university-oriented objectives such as
capitalizing land and research results, encouraging academic entrepreneurship,
enhancing university-industry co-operation, and creating employment for graduates.
Government-driven schemes have dominated the mainstream of science parks
established after the early 1980s. It was the economic booms of successful science
parks (i.e. the Stanford Research Park and the Research Triangle Park) and prosperous

spontaneous high-tech industrial clusters (i.e. Silicon Valley, Boston's Route 128, and
the Cambridge Phenomenon) that attracted the attention of policy makers, and
encouraged them to establish science parks to assist their economic development. It is
this that has led to a worldwide blossoming of the science park phenomenon.
In accordance with the increasing enthusiasm for science parks from
governments, and the overwhelming number of parks they have established, the image
of science parks has been changed from university ventures into the mechanisms of
boosting economic development through assisting knowledge-based firms and
knowledge-intensive activities. Such a new "function", which is actually an
expectation, has made science parks so valuable to policy makers that developing
countries have also been motivated to accept the idea and establish their science parks
since the 1980s.
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Science parks worldwide are quite different. They can be classified into three
types: the center/incubator style, the city/region style and the park/campus style. The
center/incubator-style schemes, which are popular in Germany, are the smallest in size.

Their function is to assist start-ups. The city/region-style schemes, which are mainly i
France and Japan, are the largest in size. They are regional developments, where

organizations and enterprises, either new or existing, are residents instead of tenants.
The park/campus-style schemes are the most popular worldwide. They are medium in
size and are suitable for knowledge-based firms of different sizes and stages of
development. They tend to be equipped with a center/incubator-style scheme. Both the
park/campus-style and the center/incubator-style schemes tend to have the features of
an organizational entity and have a management team for daily operation, while the
city/region-style schemes do not.
As the management strategies about science parks reflected by the literature are
also about the park/campus-style including the center/incubator-style schemes in
developed countries (see Chapter 4), the present study targets the park/campus-style
schemes for the investigation of its first hypothesis and first research question
concerning science park management strategies. The working definition of a science
park for the present study is defined as: A science park is a property-based initiative
with an organizational entity, which is established to assist the growth of knowledgebased firms normally resident on site and knowledge-intensive activities.
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Chapter 3
Spontaneous Industrial Clusters and Clustering Advantages

This chapter focuses on the phenomenon of spontaneous industrial clusters. It

extracts three aspects from the literature. These are the definitions of industrial cluste
clustering advantages contributing to the formation and sustained growth of
spontaneous industrial clusters, and the situation of spontaneous industrial clusters in
developing countries. It presents that an industrial cluster is an agglomeration or a
concentration of related companies and/or institutions in a certain area. A spontaneous
industrial cluster defined by the present study is one formed without planners and/or

organizers other than those clustering companies and/or institutions. "Industrial cluster
appealing in this chapter falls into this definition within the present study.
The literature suggests that clustering follows the natural behaviour of industries.

Favourite location factors, with the advantages they can bring, attract firms to a certain

area and lead to the formation of a spontaneous industrial cluster at the initial stage. T
subsequent physical proximity among clustering firms results in their easier integration
and interactions, which generate knowledge benefits and "milieu" benefits. These
benefits enhance firms' innovative capacities and effective management, and therefore,
lead to their long-term competitiveness and the sustained growth of a spontaneous
industrial cluster.
Various empirical studies from Asia and Latin America have found that clustering
also benefit firms and entrepreneurs in developing countries in the same way. All types
of clustering advantages proposed by the literature are reflected in their experiences
although their activities may be less knowledge-intensive than those high-tech clusters
described by the literature from developed countries. Clustering firms present much
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better performance than those dispersed. This suggests that establishing science parks,

the planned industrial clusters, to assist the growth of related firms and entrepreneur
an appropriate objective for developing countries although how quickly the objective
can be achieved is another matter.
These findings compose the theoretical and empirical basis for the present study
to apply the literature about spontaneous industrial clusters to the formulation of
management strategies for science parks in developing countries. Two hypotheses are

established based on the key perspectives concerned. One is that the fertile environmen

for the development of spontaneous industrial clusters proposed by the literature is a
to play a guiding role in the management of science parks in developing countries
(Hypothesis 2). The other is that clustering advantages leading to the formation and
sustained growth of spontaneous industrial clusters also function for science parks in
developing countries (Hypothesis 3).

3.1 Industrial cluster in definition
The character of industrial concentration or localization was noted by economic
geographers in the early 20th century (Krugman, 1991). Its most obvious manifestation
is Europe's industrial districts and America's industry agglomerations (Rosenfeld,
1997). Alfred Marshall (1920) initiated the classic economic analysis of the
phenomenon (Krugman, 1991). Porter's (1990) seminal volume, The Competitive
Advantage of Nations, led to the further development of the concept, termed "cluster",
during the 1990s (Simmie & Sennett, 1999).
According to Lagendijk (1999), the term "cluster" was first used by Porter (1990).

Porter (1990) doesn't define it, but uses it as an intermediary between his ideas on th
pillars of economic success and the performance of a country in the global economy -
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what is summarized under the term "competitiveness". From here on, "clusters became

associated with 'competitiveness', 'innovation', 'restructuring', 'spatial agglomeratio
'supply chains', 'small firm networks', 'industrial districts', the role of industrial
associations, and more" (Lagendijk, 1999:18). It has been widely used by various
sectors such as academics, governments, consultancies and businesses. "[A] highly
diverse group of people and organizations has emerged trying to come to terms with,
and use, the concept of clusters, but which, in doing so, is also producing new
definitions, new approaches and new applications" (Lagendijk, 1999:18).
Rabellotti (1995) describes clusters as being comprised of spatial and sectoral

concentration of enterprises; socio-cultural ties amongst local economic agents, creati
a common code of behaviour; intense vertical and horizontal linkages based both on
market and non-market exchanges of goods, services, information and people; and a

network of public and private local institutions supporting the enterprises in the dist
Boekholt (1997) defines a cluster as a group of firms, knowledge centers and
innovation support organizations with a functional affinity, who co-operate - in a
formal or informal manner - to achieve new market strategies, product or process
innovations.
Roelandt et. al. (1997) suggest that a cluster is an economic network of strongly
interdependent firms, knowledge producing agents and (demanding) customers linked
to one another in a value-adding production chain.
In 1998, Porter defined industrial clusters as "geographic concentrations of

interconnected companies and institutions in a particular field" (Porter, 1998:78). They
encompass an array of linked industries and other entities important to competition,

such as suppliers of specialized inputs that can be components, machinery, and services,
and providers of specialized infrastructure. They "also often extend downstream to
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channels and customers and laterally to manufacturers of complementary products and

to companies in industries related by skills, technologies, or common inputs" (Porter,
1998:78). "[MJany clusters include governmental and other institutions - such as

universities, standards-setting agencies, think tanks, vocational training providers, a

trade associations - that provide specialized training, education, information, resear
and technical support" (Porter, 1998:78).
OECD proposes that: "Clusters are networks of interdependent firms, knowledge-

producing institutions (universities, research institutes, technology-providing firms),

bridging institutions (e.g. providers of technical or consultancy services) and custom
linked in a production chain which creates added value. The concept of cluster goes
beyond that of firm networking, as it captures all forms of knowledge sharing and
exchange" (OECD, 1999:56).
One tendency that has recently appeared is the attempt of simplifying the

definition of an industrial cluster. In Padmore and Gibson's opinion, a cluster should

defined narrowly with a useful limit before the cluster is defined as the whole econom

"[W]ith a broadly defined cluster the linkages tend to be less strong and less complet
(Padmore & Gibson, 1998:631). They suggest that "[clustering is a function of the
number and quality of linkages among firms and with other elements of the economy. It
is the linkages that enable a vigorous level of innovation, customer satisfaction and
other benefits" (Padmore & Gibson, 1998:629).
In the opinion of Drejer et al., what links all studies and types of clusters is the

knowledge base, which is presented explicitly or implicitly. Therefore, a definition of
cluster has to relate to this common knowledge base. Their proposal is: "a cluster is

group of firms, an industry, or a group of industries, which exists in relation to a st
knowledge base" (Drejer et al., 1999:189). The knowledge base does not necessarily
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imply high technology, but distinction. " A n important part of the knowledge base is
created in the interaction between the users and suppliers, thereby resulting in a coevolution between the respective industries, which tends to produce international
competitiveness in both their fields" (Drejer et al., 1999:189).
Altenburg and Meyer-Stamer (1999) argue that "cluster" is used quite
indiscriminately for a broad range of business arrangements, and the notion of
clustering just refers to a variety of industrial agglomerations. They elaborate:
"In its broadest sense, the term 'cluster' only depicts local concentrations of
certain economic activities. W h a t makes clusters so attractive for policymakers
however are the opportunities for collective efficiency (Schmitz, 1995) emanating
from positive external economies, low transaction costs, and joint action. Pure
agglomerations of unrelated firms do not giveriseto collective efficiency. Most
definitions of clusters thus add some ingredients to the basic notion of spatially
concentrated firms and focus on external effects and interaction... In the real
world, even the simplest industrial agglomerations, such as Export Processing
Zones (EPZs) in developing countries, where no forward and backward linkages
exist at all, will generate some very basic externalities, e.g. contribute to the
formation of a specialized local labour pool or augment the demand for certain
complementary services. The notion of clustering therefore refers to a variety of
industrial agglomerations" (Altenburg & Meyer-Stamer, 1999:1694).
Altenburg and Meyer-Stamer then propose an operational definition of clustering
based on measurable variables: "A cluster is a sizeable agglomeration of firms in a
spatially delimited area which has a distinctive specialization profile and in which
interfirm specialization and trade is substantial" (Altenburg & Meyer-Stamer,
1999:1694).
Visser (1999) shares the same opinion with Altenburg and Meyer-Stamer. He
defines "spatial clustering as a process of geographical concentration of economic
activities within a certain subsector and at a location where industrial experience has
been built up" (Visser, 1999:1554). In addition, they all suggest: a cluster keeps on
changing. Visser (1999) regards clustering as a dynamic process. Altenburg and Meyer-
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Stamer (1999) suggest it imply a continuum. Each cluster has a specific, open-ended
trajectory.
The study of Simmie and Sennett (1999) is also in agreement with the tendency of
simplifying the definition of industrial clusters. They argue:
"According to the Oxford Dictionary (1979) a cluster is 'a group of similar things
especially such as grow together'. Synonyms include collection, combination,
collocation, juxtaposition and contiguity. There is no requiring in these definitions
that the local elements of a cluster should be linked to each other in any way.
They would still constitute a cluster even if they were co-located as a result of
individualistic location logics and most of their interactions were with people,
firms and organizations based outside their locality" (Simmie & Sennett,
1999:88).
They take the view that "clusters exist along a spectrum of regionally bounded
interactions. They vary all the way from dense linkages found in places like the 'Third
Italy', Silicon Valley, and Baden Wurttemberg to co-located firms in similar industries

with few, if any, local linkages or networks. It may be the case that in some of the mos
innovative core metropolitan regions co-location is a more frequently found condition
that highly developed regular networking" (Simmie & Sennett, 1999:88). Simmie and
Sennett's opinion is supported by OECD (2000), which suggests more varieties of
industrial clusters as follows:
"Clusters vary greatly along various dimensions. These include: geographic
scope, breadth (horizontal industry scope), depth (vertical industry scope),
activity scope (are m a n y or just a few value chain activities performed within the
cluster), capacity for innovation, competitive position, industrial organization,
and transaction governance, a m o n g others... Clusters also vary in terms of their
state of development, i.e. the extent to which the cluster is self-reinforcing and
self-realized" ( O E C D , 2000:19).
The above definitions identified in the literature reflect that there are different

opinions on what constitutes an industrial cluster. Arguments tend to focus on the range
of actors and the degree of linkages or interdependence among actors so that a certain

group of actors can be justified as an industrial cluster. Nevertheless, all of them ag
that basically an industrial cluster is an agglomeration or a concentration of related
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companies and/or institutions in a certain area. T h e present study agrees with this. In
terms of those disagreements, the study supports the above OECD's (2000) opinion:
varieties exist in various dimensions of industrial clusters.
The key difference between the type of science parks targeted by this study and
those spontaneous industrial clusters exists in two dimensions: the way of formation and
knowledge-intensiveness. As indicated by the literature, science parks are planned
industrial clusters, where an administrative team is actively involved in park
management and development through organizing various activities (see Chapter 2).
The task of assisting knowledge-based firms and knowledge-intensive activities
automatically put science parks at the higher end of the spectrum of knowledgeintensiveness. Spontaneous industrial clusters take shape without planners and
organizers and any activity such as linkage or co-operation among actors inside or
outside of them is initiated by the actors themselves. They tend to have more content of
less knowledge-intensive activities than science parks as there is no restriction on the
activities of the inside actors.
The literature reflects that clustering is the natural behaviour of industries (see
Rosenfeld, 1997; Krugman, 1991). This is confirmed by various studies from different
parts of the world. Porter (1990) suggests, based on his study of industrial clusters in
key industrialized countries in North America, Europe and Asia, that the phenomenon

of industry clustering appears to be a central feature of advanced national economies. In
1998, he affirms that, in advanced economies, "the more decisive aspects of the
business environment are often cluster specific; these constitute some of the most
important microeconomic foundations for competition" (Porter, 1998:80). Nadvi and
Schmitz (1994) find that clusters are a common phenomenon in Asia. Levitsky's (1996)
study concludes that clustering appears to be a worldwide historical phenomenon. Albu
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(1997) also finds that the aggregation of small firms engaged in related activities into
industrial clusters is a phenomenon in both developed and developing economies.
Altenburg and Meyer-Stamer (1999) reflect that clusters widely exist in Latin America.
Visser (1999) provides an in-depth study on a cluster in Lima, Peru. Weijland's (1999)
study shows that clustering is a common survival strategy for cottage industries in
Indonesia.
Since industries tend to cluster naturally in both developed and developing
countries, there must be some benefits or advantages that clustering creates for them.
These benefits function as a magnet that attracts firms and leads to the formation and
development of spontaneous industrial clusters. These benefits or advantages provide an
insight for the present study that intends to probe management strategies for science

parks, the planned industrial clusters, in developing countries. They were also expected
to provide a theoretical and/or empirical basis for the analysis of this study. The
subsequent findings of this aspect are presented in the next part.

3.2 Clustering advantages
The literature indicates that clustering benefits firms in various ways. These
advantages can generally be classified into two types: passive advantages and long-term
advantages. Passive advantages are those that are generated from being within the

physical proximity to favourite location factors. They are the prime factors that attrac
firms to locate within a certain area, and therefore, lead to the formation of a
spontaneous industrial cluster. These advantages are available to all the firms. Longterm advantages are generated by the firms' integration and interactions. They enable
the occurrence of easier knowledge transmissions, a conductive environment for
innovation, and "milieu" functions. They enhance the firms' long-term competitiveness
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Figure 3-1. Clustering and advantages
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by enlarging their innovative capacities and increasing their effective management, and
therefore lead to the sustained growth of both firms and the spontaneous industrial

cluster. Such a cause-and-effect relationship is shown in Figure 3-1. Details about thes
two types of advantages are presented as follows.

3.2.1 Passive advantages
A spontaneous industrial cluster, according to Luger (1996), is usually the result
of the unco-ordinated actions of private business that happen to locate together due to
the presence of commonly valued attributes, such as research universities, good climate
and small-scale government investments. OECD (2000) finds that various economic
reasons lead to the geographic concentration of particular industries. They can be the
presence of unique natural resources, economies of scale in production, proximity to
markets, labour pooling, the presence of local input or equipment suppliers, shared
infrastructure, reduced transaction costs, and other localized externalities. "Unique
natural resources and extreme economies of scale in production provide the most
straight forward, and perhaps least interesting, rationale for localization" (OECD,
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2000:8). Labour pooling can allow a higher level of specialization, and therefore,

efficiency. The presence of local suppliers can likewise make a firm operate efficiently
A shared infrastructure provides support that is unattainable by a single company and
benefit firms with agglomeration economies.
Various studies reflect that physical proximity makes clustering firms gain from
cost reductions concerning communications, transport and distribution (see Perrin,

1991; Albu, 1997; Visser, 1999; OECD, 2000). Perrin (1991) regards these cost benefits
as short-term and static. Camagni (1991a) shares the same opinion. He argues that

"spatial proximity matters not really in terms of a reduction in physical 'distance' and
the related transport costs, but rather in terms of easy information interchange,
similarity of cultural and psychological attitudes, frequency of interpersonal contacts
and co-operation, and density of actors mobility within the limits of the local area"
(Camagni, 1991a:2).
Visser (1999) supports the above idea. He views these favourite location factors,

such as "the presence and quality of transport and wholesale facilities, the availabilit
physical infrastructure, or the presence of a multitude of competitors implicitly
orienting each other in investment and commercial decisions" (Visser, 1999:1554), as
passive advantages of clustering. They are available to everyone who works in the

cluster area, even to outsiders as for example producers visiting the area to buy inpu

Being attracted by favourite location factors is a one-time decision of entrepreneurs to
start operating their business in a certain area. The forces fostering the subsequent

growth of regional clusters are not necessarily those that give the location its initi
advantage. There are other types of driving forces behind clustering.
OECD (2000) finds that many regional clusters have continued to grow even after

their initial advantages were superseded. This indicates that advantages other than thos
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generated from favourite location factors tend to be more important for the development

of an industrial cluster after it takes shape. Such advantages identified in the literat
are presented in the next part.

3.2.2 Long-term advantages
Many studies probe the advantages generated from firms' integration and
interactions with other actors within proximity. They focus on such aspects as
knowledge transmission, innovation, and social-economic and cultural environment.
They suggest that these particular advantages enhance firms' long-term competitiveness

and the sustained growth of spontaneous industrial clusters. Details about these finding
are presented in the following two parts. Part one focuses on the advantages for
knowledge transmission and innovation; part two, on the advantages from "milieu"
functions.

3.2.2.1 Benefits for knowledge transmission and innovation
Nowadays, competitiveness is becoming more dependent upon the ability to apply
new knowledge and technology to products and production processes (OECD, 1999).
Considerable evidence can prove this. According to Solow (1957) and Massell (1960),

technological progress resulting from R&D led to about 90 percent of the total increase
in the U.S. output per man-hour during the first half of the 20th century. Todd and
McGrath (1995) find that high-tech companies in the U.S. got their overall return on
R&D investment in new products from 25 cents for every $1 spent in 1992 to 31 cents
in 1993 and 46 cents in 1994, an 84 percent increase. Steele (1988) reports that new
material technology resulted in the use of copper per automobile declining from 30
pounds in the 1950s to 10 pounds by the end of the 1980s; and 500-pound satellites
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doing the work of transoceanic telephone cables weighing 150,000 tons. Computeraided design and manufacturing have helped beverage-can manufacturers produce 7,000
more containers per ton of metal than was possible a decade ago.
In the opinion of OECD (1999), because of growing competition, globalization
and the rapid advancement of knowledge, new technologies and innovative concepts

have had a wider variety of sources. Most of them are outside firms' direct control. As
firms have become more specialized and increased their focus on their core

competencies, they have increasingly relied on the interaction with a variety of actors
for complementary knowledge and know-how. Clustering provides good opportunities
for such interaction.
Various studies suggest that physical proximity provides an advantage for
knowledge transmission and innovation. According to Marshall (1920), localization
makes information flow in the air. Good work, invention and improvement are easily
noticed, discussed and applied. Krugman (1991) supports this opinion. He terms it as

technological spillovers. Glaeser et al. (1992) suggest that an increased concentration

a particular industry within a specific geographic region facilitates knowledge spillov
across firms1. Von Hippie (1994) points out that geographic proximity facilitates
transmitting knowledge because high context and uncertain knowledge is best
transmitted via face-to-face interaction and through frequent and repeated contacts.
Studies on knowledge support the above arguments. Polanyi (1967) distinguishes
two dimensions of knowledge: codified and non-codified. They are also termed
"explicit" and "tacit" respectively (see Nonaka & Konno, 1998; Teece, 1998). Codified
knowledge can be expressed in words and numbers and shared in the form of data,

scientific formulae, specifications, manuals, and the like. It can be readily transmitte

1

Knowledge spillover is defined by Griliches as "working on similar things and hence benefiting much
from each other's research" (Griliches, 1992:29).
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between individuals formally and systematically. Tacit knowledge is highly personal
and hard to formalize, making it difficult to communicate or share with others. It is
deeply rooted in an individual's actions and experience as well as ideals, values, or
emotions (Nonaka & Konno, 1998). The easier ways of acquiring tacit knowledge
appear to be either to get the persons with the knowledge or to have frequent face-tofact contacts with them.
Audretsch and Feldman's (1996) studies of 210 industries provide considerable
evidence suggesting that new economic knowledge embodied in skilled workers tends

to raise the propensity of innovative activity to cluster spatially through all phases o

industry life cycle. This is especially true in industries where tacit knowledge plays a
important role.
Other studies such as Utterback (1974), Saxenian (1994b) and Enright (1998) also
suggest that informal, unplanned, face-to-face and oral communication is critical for

innovation. This is just the distinct advantage that clustering provides. OECD elaborate
that:
"[i]t is precisely in this type of communication where geographic concentration
provides a distinct advantage, even in an age of rapid communication and
information systems. The geographic concentrations of firms, suppliers, and
buyers found in m a n y clusters provide short feedback loops for ideas and
innovations. This is particularly important for products and services that emerge
through an iterative process between producer and customer, or in industries in
which suppliers or buyers are important sources of n e w products or services"
( O E C D , 2000:10).
In addition, as clusters often contain many buyers and sellers in different parts of

the production chain, the pressure to innovate is great, which often presents conditions
conducive to innovation (OECD, 1998). Furthermore, clusters often become
repositories for industry-specific skills and capabilities that add to the innovation
process (OECD, 2000:10).
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The above studies indicate that, on one hand,frequentunplanned communications

as a result of physical proximity to other firms and organizations enable clustering f
to get their needed knowledge and information more easily. On the other hand, the
nature of tacit knowledge tends to push knowledge-intensive activities to cluster
together. The geographic concentration of various types of actors can produce an
environment composed of pressure, knowledge, information, and specialized
manpower, which is conducive for innovation. This can lead to clustering firms'
constant improvements in products and processes, and therefore, increase their longterm competitiveness.

3.2.2.2 Benefits from "milieu" functions
Other studies suggest that "milieu" functions also contribute to the sustained

growth of spontaneous industrial clusters. In the early 1900s, the term "social milieu"
was used to explain the formation of norms. Since the 1980s, "milieu" has again
become a fashionable word. Bramanti and Senn (1991) define that, "'Milieu' is the
complex of actors (firms, public administration, financial system, system of services)
operating in a particular territory and the recognized relations (both formal and
informal) between them" (Bramanti & Senn, 1991:94). In Perrin's opinion, "milieu"
refers to an environment "which has reached a level of socio-economic integration such
that durable, local, dynamic propensities have begun to emerge" (Perrin, 1991:44).
Aydalot (1986), Aydalot and Keeble (1988), Maillat and Perrin (1990) name the local

environment of a firm "local milieu". Crevoisier et al. (1990) suggest a "local milieu"
covers a set of territorial relationships encompassing in a coherent way a production
system, different economic and social actors, a specific culture and a representation
system, and generating a dynamic collective learning process.

64

i^napter 3. Spontaneous Industrial Clusters and Clustering Advantages

M a n y studies support the idea that a c o m m o n "milieu" benefits firms b y reducing
their operational costs, making them more innovative, and enhancing the effectiveness
of their decision-making process. Humphrey and Schmitz (1996) suggest that "milieu"

is particularly important in reducing and moderating different types of uncertainty face
by small firms. Albu (1997) supports this idea. According to him, common cultural,
psychological and sometimes political backgrounds are credited with generating
synergy effects, which are closely related to issues of trust in various forms. A common

"milieu" tends to lead firms to rely on mutual trust and social institutions, rather than

formal contractual arrangements, for their multiple sophisticated transactions involving
complex components, goods and service. "[Traditional conventions which prescribe
the quality and form of goods; behavioural rules which govern financial transactions,
and socially imposed sanctions against opportunistic behaviour" (Albu, 1997:19)
usually function as the rules. Transactional cost advantage is generated by reducing the
expense of formal contractual arrangements. The OECD's study presents a similar
opinion:
"cultural similarities, community cohesiveness, interdependence among local
firms, repeated interaction and familiarity allow firms to trust that their
counterparts will not act opportunistically. This trust can facilitate the smooth
functioning of fragmented clusters m a d e up of m a n y participants" ( O E C D ,
2000:9).
Furthermore, Perrin (1991) proposes that the practices of multilateral transaction
processes between various categories of local actors can consolidate into

institutionalized networks, which create new types of externalities and, thus, behave lik
innovation networks. When the dynamic capacities of a "milieu" positively affects the
local development of innovation networks, an "innovative milieu" is formed.
Castells and Hall (1994) define the archetype of the "innovative milieu" as a place
where synergy operates effectively to generate constant innovation. And "synergy is
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very often seen in terms of networks connecting individuals in m a n y different

organizations - public and semi-public and private, non-profit and for-profit, large-sca
and small-scale - within a system that encourages the free flow of information and,

through this, the generation of innovation" (Castells & Hall, 1994:224). In their opinion
universities have played a fundamental role in the development of some of the most
innovative technological "milieus", such as Standford University for the origin of
Silicon Valley.
Westhead and Batstone (1998) have a similar opinion. According to them, an
"innovative milieu" "is seen to perform the role of a management system which

increases the potential for organizational efficiency within firms. Innovation is viewe
as arising from the linkages of the "milieu" as a whole, rather than from individual
firms" (Westhead & Batstone 1998:2203). Albu (1997) suggests that, influenced by an
entrepreneurial and innovative local social atmosphere, which encourages, even
demands, competitive spirit, firms will become more innovative by being located in an
"innovative milieu".
Camagni (1991b) proposes some functions of a "milieu" that can enhance firms'
effective management and operation. These include:
• "a collective information-gathering and screening function, through informal
interchange of information between firms operating in the same markets,
signaling of success decisions on markets and technologies, public or co-operative
monitoring on factor markets and technical change, selection of information
channels through repeated experience and 'memory'" (1991b: 130);
• "a function of 'signaling' in the direction of the market of local firms, in terms of
product image and 'reputation', co-operative advertising, and supply of a sort of
'quality certification'" (1991 b: 130);
• "a collective learning process, mainly through skilled labour mobility within the
local labour market, customer-supplier technical and organizational interchange,
imitation processes and reverse engineering, exhibition of successful
'climatisation' and application to local needs of general purpose technologies,
informal 'cafeteria' effects, complementary information and specialized services
provision" (1991b: 130);
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•

"a collective process of definition of managerial styles and decision routines,
through managerial labour mobility, initiate decisions, co-operative decisionmaking through local industrialists' associations, complementary innovation
processes" (199 lb: 130);

• "an informal process of decision co-ordination, through interpersonal linkages
(families, clans, clubs, associations), easier and faster information circulation on
innovation decision-making, easierfinancial-industriallinkages, similar cultural
background of decision-makers" (1991b:130-l);
• "a function of conversion of external engines to the needs of local firms, this
function being particularly important in the labour market, h u m a n capital and
educational sphere: in fact, not only is information decoded and collectively
organized, but also potential energy, as represented by availability of generic
production factors, is channeled and transformed in order to match with the
qualitative claims of actual and potential demand of the local structure"
(1991b:132).
The above "milieu" functions reflect that firms located in one area tend to form a
kind of common social-economic and cultural environment, which leads to a mutual
trust among them. As a result, informal transactions are often used instead of formal

ones, which reduce firms' operational costs. In the long run, such practices can turn into
a synergy or an economic integration in the area, which works like new innovation
networks. They enable firms to operate more effectively and efficiently. The integration

and interactions of firms can also be of benefit in such aspects as collective information
gathering, image building, and decision-making. All these advantages can enhance
firms' competitiveness, which is out of the reach of scattered firms. These advantages
also explain the clustering behaviour of industries and the sustained growth of
spontaneous industrial clusters.
Clustering advantages proposed by the literature, particularly the long-term
advantages, provide the theoretical basis for the idea of science parks, the planned
industrial clusters. Since clustering can enhance firms' long-term competitiveness and

benefit knowledge-intensive activities, establishing planned industrial clusters to assist
them is a right measure or policy. But, the measure or policy will be effective if the
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planned industrial clusters enable all the clustering advantages to occur within a period
of time shorter than spontaneous clustering could do. The former is a policy issue; the
latter, a managerial issue.
However, as studies probing clustering advantages come mainly from developed
countries, it is necessary to ascertain that clustering would also benefit firms in
developing countries before suggesting that the idea of establishing planned industrial
clusters or science parks is a right measure or policy for developing countries. This
study has further reviewed the literature about spontaneous industrial clusters in
developing countries. The findings are presented in the next part.

3.3 Spontaneous industrial clusters in developing countries
The literature indicates that, as in developed countries, clustering is also a
common industrial behaviour in developing countries (see Nadvi and Schmitz, 1994;
Levitsky, 1996; Albu, 1997; Altenburg and Meyer-Stamer, 1999; Visser, 1999;
Weijland, 1999). The geographic focus of the studies concerned is Latin America and

Asia. These studies reflect that clustering does benefit firms and entrepreneurs in thes
developing countries. Both passive and long-term advantages discussed above can be
found from their experiences.
Altenburg and Meyer-Stamer (1999) identify three types of industrial clusters in
Latin America. They are survival clusters, differentiated mass production clusters, and

clusters of transnational corporations. Survival clusters are the most popular. They are
composed of micro and small-scale enterprises that produce low-quality consumer
goods such as garments, shoes, furniture, and auto repair for local markets. They owe
their existence more to unfavourable macroeconomic conditions and less to
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entrepreneurial competence and dynamism. B y clustering, these micro and small-scale
enterprises entail the following positive externalities:
• information spillovers concerning sourcing, marketing, and product design of
competitors;
• the availability of a semi-skilled labour force as many inhabitants are involved in
the main cluster activity, sometimes even since childhood;
• easy access to raw materials and machinery because specialized traders set
themselves up in the clusters due to economies of scale; and
• lower search costs for customers as a renowned production center attracts
purchasers.
Differentiated mass production clusters comprise a wide range of enterprises in
technologically relatively simple industries. They prospered in the import substitution
period. Clusters of transnational corporations are typically dominated by foreign firms
not only at the final assembly stage but also in part production.
Altenburg and Meyer-Stamer (1999) point out that, compared with those complex
and innovative clusters of developed countries, which are the stylized role models that
have influenced the academic and policy discussion in Europe and North America (e.g.,
Beccattini, 1990; Sengenberger & Pyke, 1992; Storper, 1993), industrial clusters in
Latin America have three main deficiencies in common. They are:
• heterogeneity of development levels and lack of competitive SMEs;
• lack of innovative capabilities as they are almost completely confined to
standardized production of simple consumer-goods or export-oriented assembly
operations; and
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•

low degree of specialization and interfirm co-operation as they comprise only a

few stages of the value chain, host few complementary services and lack the
social capital necessary to reach co-operative agreement.
Visser (1999) conducted a comparative study between firms in the 40-year
Gamarra cluster (a cluster of the clothing industry in Lima, Peru) and dispersed
producers of the same industry in Lima . It provides empirical evidence suggesting:
"clustering indeed makes a difference for SME competitiveness" (Visser, 1999:1566).
Visser uses six performance indicators for his analysis. They are employment size,
employment growth, average monthly gross sales per worker, use of (unpaid) family
labour, average monthly wage per worker, and real estate prices. The result indicates
that the sales performance of clustered firms is significantly superior compared with
that of dispersed firms. Other indicators also point in the direction of a superior
performance by clustered firms. Reasons for the better performance of these clustered
firms are as follows:
• "Fast local diffusion of (tacit) knowledge and competence through direct
observation of market trends and analysis of competitor's products. Technical and
commercial information externalities reduce static uncertainty and increase the
level of production efficiency and product flexibility" (Visser, 1999:1566).
• "Reductions in the price of a few intermediary products (especially finishing
services), and in the costs of transacting inputs and output along the supply chain
(including suppliers of inputs, garment producers and traders of output)" (Visser,
1999:1566).
Visser (1999) finds that "1990 was a year of great changes in macroeconomic
policies in Peru, marking the end of a long period during which domestic markets were
largely closed to foreign competition. During 1993-94, clustered firms surveyed
experienced an average sales erosion of 27%. By 1995, clustered small firms still

2

Visser's (1999) study was conducted via a survey in early 1994. A sample of 50 firms were randomly
selected from the Gamarra cluster. The control group of dispersed firms were located in both high and
low-income areas of the city of Lima. 40 firms from each area were randomly selected. The respondent
rate of the survey was 79 percent (equivalent to 103 firms out of the 130 firms).
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display a significantly better sales performance than dispersed producers, but the
difference has become smaller" (Visser, 1999:1567). Therefore, Visser (1999) suggests
that, in order to remain competitive in the changing markets, larger scope of
information spillovers and interfirm co-operation across local borders are needed for
companies in the cluster.
Other industrial clusters in developing countries that are the focus of a series of
in-depth studies are in Indonesia (see UNDP et al., 1988; UNDP, 1989; Klapwijk, 1997;
Weijland, 1999). According to Weijland (1999), clusters widely exist in Indonesia:

"some 10,000 out of the 70,000 Indonesian villages are registered as industrial clusters"
(Weijland, 1999:1518). Clustering used to occur spontaneously, and historically "may
have been triggered by high poverty incidence in remote small villages, as a desperate
attempt of widely scattered rural poor enterprises to reach outside markets. At a later

phase, and only in distinct subsectors, clustering could be deployed by established small
rural enterprises as a device to overcome technological indivisibilities" (Weijland,
1999:1520). However, at present, clustering is encouraged by private and/or public
institutions in the country.
Klapwijk (1997) conducted a comparative study between more than 4,400 clusters
in Central Java and dispersed cottage industries in Indonesia. Data analysis in such

aspects as location, activity, size, volume and value of inputs and outputs, investment i
machinery and equipment suggests that clustered cottage industries have higher
productivity.
The United Nations Development Program supported a cluster experiment of 120
villages in 24 provinces in Indonesia in the 1980s. It provides the following evidence
that suggests the advantages of clustered cottage industries:
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•

They could attract buyers w h o would not have thought of contacting them if they

had been dispersed.
• 25 percent of them could reach international markets, whereas individual
members sold mostly to local markets.
• Almost 70 percent of the clusters could receive bank loans and some 40 percent
had done so.
• Four years after the start, about half of them were able to operate without outside
support.
• On average, they yielded monthly incomes above the average of cottage industries
(UNDP et al., 1988; UNDP, 1989).
Based on the above positive evidence about these clusters in Indonesia, Weijland
(1999) suggests that "poor and inexperienced cottage industry workers can be made to
become dynamic entrepreneurs when operating as a group in clusters, provided their

clusters are well connected to trade networks and supporting institutions, and provide
their economic activities are well chosen" (Weijland, 1999:1527). Weijland concludes:
"first, that dismally poor but clustered rural microenterprises may have a seedbed
function for industrial development, and, second, that clustering policy has brought
about some success in Indonesia" (Weijland, 1999:1515).
The above empirical studies about industrial clusters in developing countries

reflect that clustering also benefits firms and entrepreneurs in these countries altho

their activities tend to be less knowledge-intensive compared with those of the models
in developed countries. Both types of clustering advantages can be found within their
experiences although they may be on a different level from those suggested by the

literature from developed countries. This implies that, in principle, science parks, a
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planned industrial clusters, should benefit the growth of firms and entrepreneurs in
developing countries.
In addition, since clustering can benefit firms and entrepreneurs in developing

countries, it is reasonable for the present study to apply the literature about spontaneo
industrial clusters, that is mainly from developed countries, to the search for
management strategies for science parks, the planned industrial clusters, in developing
countries. The study establishes two hypotheses based on the related perspectives. The
first one is that the fertile environment for the development of spontaneous industrial
clusters proposed by the literature is able to play a guiding role in the management of
science parks in developing countries (Hypothesis 2). The second one is that clustering
advantages leading to the formation and sustained growth of spontaneous industrial
clusters function in the same way for science parks in developing countries (Hypothesis
3).

3.4 Summary and conclusion
An industrial cluster basically is an agglomeration or a concentration of related

companies and/or institutions in a certain area. In contrast to science parks, the planned
industrial clusters, spontaneous industrial clusters are those formed without planners
and/or organizers other than those clustering companies and/or institutions. Clustering

is the natural behaviour of industries. Different actors attracted by different factors s

to accumulate in different places at different times. Spontaneous industrial clusters thu
formed vary in various aspects. Such varieties as reflected in the literature include the
disagreements about the descriptions of industrial clusters. Arguments tend to focus on
the range of actors and the degree of linkages or interdependence of actors so that a
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certain group of actors can be justified as an industrial cluster. These two aspects are
actually the examples of many dimensions where varieties of industrial clusters exist.
A spontaneous industrial cluster is the result of two types of clustering
advantages. They are passive advantages and long-term advantages. Passive advantages
refer to those generated from being within the physical proximity to favourite location
factors. They are cost benefits in most cases that attract firms to locate in a certain
and therefore, lead to the formation of a spontaneous industrial cluster at the initial
stage. Such benefits are available to all the actors in the area. Long-term advantages
refer to knowledge benefits and "milieu" benefits. They are generated from the

integration and interactions of clustering firms. Physical proximity among related actor
enables frequent informal, unplanned, face-to-face and oral communications to occur,
which provides a distinct advantage for knowledge spillovers and transmissions,
particularly for knowledge with more tacit content. It also provides firms with more
information and stimuli for innovation. Besides, a kind of social-economic and cultural
environment can be generated from the integration and interactions of those actors,
which is termed "milieu". Firms from a common "milieu" tend to trust each other. It

leads to informal business transactions replacing formal ones, therefore, enable firms t

enjoy cost benefits. Such practices can evolve into institutionalized networks, which ar
innovations themselves. All these create an environment that is conducive for firms'
innovative activities, which lead to their long-term competitiveness. It is these longterm clustering advantages that "tie" firms together and enable the sustained growth of

spontaneous industrial clusters even when a cluster's initial advantages are superseded.
Experiences of industrial clusters in the developing countries of Latin America

and Asia reflect that clustering also benefits their firms and entrepreneurs. Both types
clustering advantages suggested by the literature from developed countries can also be
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found in these developing countries. This implies that planned industrial clusters,
including science parks, should benefit firms and entrepreneur concerned in developing
countries in principle although how to manage them effectively is another issue. It also

implies that applying the research findings about spontaneous industrial clusters to the
research on the management strategies for science parks in developing countries is
reasonable.
The present study envisages that two major perspectives of the literature about
spontaneous industrial clusters should provide insights for science park management.
One is the ingredients composing the fertile environment for the development of
spontaneous industrial clusters. The other is the functions of clustering advantages as
presented in this chapter. Two hypotheses are established accordingly. The first one is
that the fertile environment for the development of spontaneous industrial clusters
proposed by the literature is able to play a guiding role in the management of science
parks in developing countries (Hypothesis 2). The second one is that clustering
advantages leading to the formation and sustained growth of spontaneous industrial
clusters function in the same way for science parks in developing countries (Hypothesis
3). Investigations of these two hypotheses are presented in Chapter Seven and Eight
respectively.
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Chapter 4
Factors Enhancing Spontaneous and Planned Industrial Clusters

This chapter focuses on the factors that enhance spontaneous and planned
industrial clusters. There are two aspects in the literature that are drawn out: the
ingredients composing the fertile environment for the development of spontaneous

industrial clusters and the KSFs for science parks in developed countries. The analysis

of these has laid the basis for the investigation of the two hypotheses concerned. One
that the fertile environment for the development of spontaneous industrial clusters

proposed by the literature is able to play a guiding role in the management of science
parks in developing countries (Hypothesis 2). The other is that micro-managerial

strategies for science parks in developed countries are applicable to science parks in
developing countries as long as they are of the same type of scheme, however macro
requirements for their successful operation may be different (Hypothesis 1).
In terms of the ingredients that compose a fertile environment in the development

of spontaneous industrial clusters, the literature reflects that Porter's (1990) "diamo

model is the most extensive and widely cited. His model is composed of six ingredients.

They are "factor conditions", "demand conditions", "related and supporting industries",
"firm strategy, structure and rivalry", "chance" and "government". Porter (1990)
suggests that their interaction in a favourable way enhances the development of
spontaneous industrial clusters. Much of the literature follows Porter's model. The
present study, therefore targets Porter's "diamond" model in the investigation of

Hypothesis 2 within the context of science parks in developing countries. Details about
this investigation are presented in Chapter Seven.
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A s for the K S F s for science parks, studies with substantial content of science park
management come mainly from developed countries such as the U.S., the U.K. and

Germany. KSFs they propose fall into three groups. They are park location factors, pa
preparation and a professional management team. As the park/campus style
characterizes science parks in the U.S. and the U.K. and the center/incubator style,
Germany, the experiences of parks in these countries are appropriate for the present
study, which targets the park/campus-style schemes (with a center/incubator-style
scheme in some cases) to probe science park management strategies (see Chapter 2).
The comparison between these science park KSFs and the ingredients of Porter's

"diamond" model shows that only science park location factors and "factor conditions"

of Porter's model are closely related. This finding is applied to the analysis for th

investigation of Porter's model in the context of science parks in developing countrie
for the hypothesis concerned.
This chapter presents details about the above findings in three parts. Part one
focuses on the fertile environment for the development of spontaneous industrial

clusters. Part two elaborates the KSFs for science parks in developed countries. Part
three presents a comparison between them.

4.1 Fertile environment for the development of spontaneous industrial clusters
Among the studies probing the ingredients facilitating cluster development,
Porter's (1990) work has been found to be the most extensive. His "diamond" model in
The Competitive Advantage of Nations is acknowledged as the most influential and
widely cited (see Krugman, 1991; Rosenfeld, 1997; Smith, 1998; Padmore & Gibson,
1998; Rouvinen & Yla-Anttila, 1999). It is termed seminal volume by Lagendijk
(1999). This model has been acclaimed for the way that Porter has brought together
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ideas from strategic management, industrial organization, innovation theory, and
institutional economics (Lagendijk, 1999).
Porter (1990) uses "cluster" as an intermediary between his ideas on the pillars of
economic success and the performance of a country in the global economy - what is
summarized under the term "competitiveness". He suggests that the competitiveness of
an economy comes from the interaction of a complex set of factors called the
"diamond" (Figure 4-1). They include four determinants: "factor conditions", "demand
conditions", "related and supporting industries" and "firm strategy, structure and
rivalry". He also includes two contextual factors, or variables, that work indirectly
through the main determinants. They are "chance" and "government" (Lagendijk,
1999). In Porter's opinion, "[t]he individual determinants that define the national
environment are mutually dependent because the effect of one often depends on the
stage of the others" (Porter, 1990:129). "A consequence of the system of determinants

is that a nation's competitive industries are not spread evenly through the economy but

are connected in... clusters consisting ofindustries related by links of various kinds

Figure 4-1. Porter's "diamond" model
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(Porter, 1990:131). The fertile environment for the development of industrial clusters,
therefore, is one where the system of determinants is in a favourable condition.
Padmore and Gibson (1998) developed a model, based on the insights of earlier
workers such as Dunning (1991), Narula (1991, 1993) and especially Porter (1990).
This model describes and assesses the strengths and weaknesses of industrial clusters
from a regional perspective. "The model is a symmetrical framework combining
dimensions of the Porter competitiveness 'diamond' with an equally explicit
accounting of infrastructure and markets, important in a regional framework"
(1998:625). It has six determinants grouped into three pairs: Groundings, Enterprises
and Markets, which give the model its name GEM. Details about Porter's (1990)
"diamond" and Padmore and Gibson's (1998) GEM are presented as follows.

Porter's "diamond"
Porter (1990) elaborates the connotations of the six ingredients of his "diamond"
model for the fertile environment enhancing the development of industrial clusters as
follows. Their gist is summarized in Table 4-1.
• Factor conditions refer to the nation's position in factors of production, which
cover human resources, physical resources, knowledge resources, capital
resources, and infrastructure. Porter (1990) suggests two distinctions concerning
them. They are basic versus advanced factors and generalized versus specialized
factors.
"Basic factors include natural resources, climate, location, unskilled and
semiskilled labour, and debt capital. Advanced factors include modern
digital dada communications infrastructure, highly educated personnel such
as graduate engineers and computer scientists, and university research
institutes in sophisticated disciplines" (Porter, 1990:77).
"Generalized factors include the highway system, a supply of debt capital,
or a pool of well-motivated employees with college educations. They can be
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Table 4-1. Fertile environment for industrial clusters
Determinant
Factor
conditions

•

Character
Having sufficient needed factors.

Demand • Having a large number of sophisticated and demanding
conditions
buyers.
• Having a demand with rapid growth, early saturation
and anticipation of international needs.
• Having mobile and international local buyers.
Related • Having internationally competitive related and
& supporting
supporting industries.
industries
Firm strategy, • The goals of owners & managers match the needs of the
structure &
industry.
rivalry • Have vigorous local competition
• Have many new business formations.
Variable Action
Chance • Giving quick response to a chance event if it occurs.
Government • Influencing and shaping the four determinants in such a
way that they can develop towards the above characters.

deployed in a wide range of industries. Specialized factors involve narrowly
skilled personnel, infrastructure with specific properties, knowledge bases in
particular fields, and other factors with relevance to a limited range or even
to just a single industry" (Porter, 1990:78).
Advanced factors are necessary to achieve higher-order competitive advantages
such as differentiated products and proprietary production technology. Specialized
factors provide more decisive and sustainable bases for them. "More advanced
factors tend also to be more specialized, though not in all cases" (Porter,
1990:78). They are often built upon basic and generalized factors.
Demand conditions have three significant broad attributes: the composition (or
nature of buyer needs) of home demand, the size and pattern of growth of home
demand, and the mechanisms by which a nation's domestic preferences are
transmitted to foreign markets. The composition of home demand shapes how
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firms will perceive, interpret, and respond to buyer needs. Local firms as well as
local industries or industry segments will benefit if the home demand gives a clear
or earlier picture of buyer needs than that of foreign rivals can do. Examples
include domestic buyers being among the world's most sophisticated and
demanding buyers and the needs of home buyers anticipating those of other
nations. They pressure local firms to meet high standards in terms of product
quality, features and service, and compete in the emerging segment. The large
home market size encourages firms to invest aggressively in large-scale facilities,
technology development, and productivity improvements in order to take
advantage of the economies of scale. The presence of a number of independent
buyers in a nation and domestic demand with rapid growth, early saturation and
anticipation of international needs can create a better environment for innovation.
They force local firms to continuously innovate and upgrade, and therefore,
become quickly established in an industry. Mobile or international local buyers
can pull a nation's products and services abroad. They provide "the opportunity of
establishing an overseas presence to a nation's firms and may well provide the
conviction to pursue such a presence by lowering the perceived risk" (Porter,
1990:98).
• Related and supporting industries refer to the presence in the nation of supplier
industries or related industries that are internationally competitive. Internationally
competitive suppliers can provide efficient, early, rapid, and sometimes
preferential access to the most cost-effective input, and help firms perceive new
methods and opportunities to apply new technology. They also tend to be a
conduit for transmitting information and innovations from firm to firm, and so
they accelerate the pace of innovation within the entire national industry. "Related
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industries are those in which firms can co-ordinate or share activities in the value
chain when competing, or those which involve products that are complementary"
(Porter, 1990:105). An internationally successful related industry in a nation
provides opportunities for information flow and technical interchange, much like
the case with home-based suppliers. It also raises the likelihood that new
opportunities in the industry will be perceived. The most significant related
industries are those important to innovation in the industry or those that provide
the opportunity to share critical activities.
• Firm strategy, structure and rivalry refer to the context in which firms are
created, organized and managed as well as the nature of domestic rivalry. The
ways in which firms are organized and managed are influenced by numerous
aspects of a nation. "Some of the most important aspects are attitudes toward
authority, norms of interpersonal interaction, attitudes of workers toward
management and vice versa, social norms of individualistic or group behaviour,
and professional standards. These in turn grow out of the educational system,
social and religious history, family structures, and many other often intangible but
unique national conditions" (Porter, 1990:109). Domestic rivalry can create
pressure on firms to lower costs, improve quality and service, and create new
products and processes. Vigorous local competition can also pressure domestic
firms to sell abroad in order to grow, particularly when there are economies of
scale. New business formation leading to an increasing number of competitors can
intensify domestic rivalry. "Toughened by domestic rivalry, the stronger domestic
firms are equipped to succeed abroad" (Porter, 1990:119).
• Chance and government are two variables that are able to influence the above four
determinants either positively or negatively. Chance events are "occurrences that
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have little to do with circumstances in a nation and are often largely outside the
power of firms (and often the national government) to influence" (Porter,
1990:124). They are important because they can create discontinuities that allow
shifts in competitive position. Government can change the situation of each of the
above four determinants. It can influence factor conditions through subsidies,
policies toward the capital markets, and education; shape local demand conditions
by establishing local product standards or regulations that mandate or influence
buyer needs; shape the circumstances of related and supporting industries via
ways such as control of advertising media or regulation of supporting services;
and influence firm strategy, structure, and rivalry through capital market
regulations, tax policy, and antitrust laws.
Porter (1990) suggests that advantage in the entire "diamond" is not always
necessary for competitive advantage in simple or resource-intensive industries and in
the standardized and lower-technology segments of more advanced industries, where

costs are frequently decisive. However, the fertile environment for more sophisticated
industries and industry segments is rarely from only a single determinant, but rather
from the self-reinforcing conditions created by several determinants. This is because

competitive advantage in sophisticated industries depends fundamentally on the rate of
improvement and innovation. However, a disadvantage in one determinant can be
overcome by an unusual advantage in the others or in some way of compensation.

Padmore and Gibson's GEM
Padmore and Gibson (1998) propose three pairs of determinants for their GEM

model in order to assess the strengths and weaknesses of industrial clusters including
their environments. They are named Groundings, Enterprises and Markets.
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•

Groundings

include such determinants as "resources" and "infrastructure".

Resources refer to natural inherited or developed endowments available within the
region. They include forests, mineral deposits, land as well as labour, financial
capital and technology. Infrastructure consists of physical structures and
institutional arrangements that facilitate access to resources and support other
business functions. Examples are roads, ports, pipelines and communications as
well as intangible and institutional infrastructure like business associations,
research laboratories, training systems, the tax and regulatory regime, national
monetary policy, financial markets, the business and labour environment, and the
quality of life.
• Enterprises include such determinants as "supplier and related industries" and
"firm strategy, structure and rivalry". "The concepts and the terminology closely
echo Porter (1990)" (Padmore & Gibson, 1998:630). Success factors for supplier
industries are diversity, quality, cost and proficiency as well as the quality of the
buyer-supplier relationship (Scherer, 1984). Related industries are those using
similar technology, transferable human resources, similar specialized
infrastructure or serving common markets. Success factors include the number
and quality of these related firms, and the existence of formal and informal
linkages between them and the cluster firms. As for firm strategy, structure and
rivalry, the firms are those in the cluster itself. Measurables include the number
and size of firms, birth and death rates, ownership and financial strength. The
assessment also includes competitive and growth strategies, which are a function
of the stage of technological development of a particular cluster (Utterback &
Suarez, 1993) as well as the culture and history of the region.
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•

Markets include such determinants as "local markets" and "access to external

markets". Local markets are those within the region. Important aspects are the
size of the market, market share, growth and prospects, the extent of local
sourcing by purchasers, standards and quality expected, distinctiveness of local
demand, and the willingness of buyers to work with the local cluster. External
markets refer to those external to the region, not necessarily international. In
Padmore and Gibson's opinion, regions face a more or less common set of
external markets. The difference is the accessibility. Issues concerned include
closeness of markets, their size and growth rates, global market share for the
cluster, characteristics of end users, existing market relationships, barriers to
entry, trade and export barriers.
Padmore and Gibson (1998) quantify the GEM analysis by scoring each
determinant, on a world standard, with a scale from 1 to 10 (highest). A cluster with
middle ratings of 5 on each determinant is hardly regarded as competitive. As the GEM
model echoes Porter's (1990) work, which is more extensive, well acknowledged and

widely cited, the present study selects Porter's "diamond" model for the investigation
the hypothesis concerned in the context of science parks in developing countries.

4.2 KSFs for science parks in developed countries
A review of the literature has found that comprehensive studies with substantial
content of science park management come mainly from developed countries in North
America and Europe, such as the U.S., the U.K. and Germany, the foremost countries in

science park development. The earliest one appeared in the U.S. in 1970, about 20 years
after the first park was established. The remainder emerged after the early 1980s. As
science park schemes in the U.S. and the U.K. are mainly in the park/campus style and
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in Germany, mostly in the center/incubator style, K S F s for science parks in these
countries are appropriate for the present study that targets the park/campus-style
schemes (with a center/incubator-style scheme in some cases) for a model for science
park management (see Chapter 2). The following part presents a separate comment on
the science park KSFs reflected by the literature from North America and Europe. A
general classification of them then follows.

4.2.1 KSFs for science parks in North America
Five studies have been found reflecting the KSFs for science parks in North
America. All are from the U.S. Four studies emerged following the boom of the science

park phenomenon in the country after the early 1980s. They all emphasize park location
factors. Similarities have been found on the factors suggested. They are proposed as
important because they attract knowledge-based firms and knowledge workers. Other
KSFs that concern park physical layout and managerial issues are also put forward by
some of these studies.
The literature collected by the present study shows that Mark L. Money's (1970)
Ph.D. research is the first in-depth exploratory study about science park management
the world. He conducted a survey among 181 park tenants and 17 park administrators,
and interviewed 15 park administrators in the U.S.1 The result proved his four
hypotheses designed within a framework of selected management principles of

planning, organization and control, and subsequently led to the establishment of a set

factors considered important for the success of university related research parks (the
term used for science parks in the U.S.). His findings are summarized as follows.

1

There were 17 research parks (with 181 tenant companies) in the U.S. according to Money's (1970)
working definition for university related research parks. The respondent rate of tenant companies is 73.5
percent (133 respondents), and that of park administrators is 100 percent.
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(1). There is a logical tie-in between the tenants' activities and the university faculties
and graduate programs.
(2). There are principal university services which park tenants commonly consider
significant in their decisions to locate in a park near a university. Services
considered desirable by tenants include the technical services of a computer and the
convenience services of a restaurant, motel, post office and bank.
(3). There are park management policies considered critical to the success of a park by
both park administrators and tenants. Three policies were identified as follows:
• Physical layout of site should enable the expansion of tenants' facilities.
• Controls and restrictions should be established and enforced to retain park
aesthetic quality.
• Cost of site should be competitive with alternate sites available.
(4). There are geographic and environmental factors which tenants consider important
in their decisions to locate in a park. These factors are:
• a suburban residential area within commuting distance;
• adequate housing in medium price range ($25,000-$39,000);
• good public schools;
• established graduate school with significant research program;
• university programs which provide library facilities, continuing education
opportunities and graduates for possible employment with firm;
• skilled technicians in area;
• a jet airport located in area;
• community cultural offerings; and
• urban center within 50 miles.
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The greatest contribution of Money's (1970) work is that he conducted a wide
ranging study on the demand-side perceptions towards park management policies, park

location factors and needed services, rather than only the supply-side perceptions. The
importance of this work was confirmed over a decade later. Nearly all Money's (1970)
findings were echoed in the studies about science parks in the U.S. such as LaValle
(1982) and Minshalls (1983).
LaValle's (1982) study is in agreement with Money (1970). In addition, LaValle
emphases: "Park developers recognize that it takes more than a beautiful landscape to

attract tenants to their parks" (LaValle, 1982:6). In order to draw the greatly demande

highly trained scientists, engineers and technical workers to firms within the parks, "
essential to insure that their life style, that attracts them to seek the intellectual
financial rewards of their profession, be addressed" (LaValle, 1982:7). A combination
of special facilities such as jogging paths, restaurants, health clubs, recreational
facilities, and a wide variety of shops are often offered by high technology parks.

Furthermore, the availability of low-cost incubator space and sufficient financing from

variety of sources are important for the success of spin-off companies. Besides, LaVall
(1982) also points out that one or more major universities with graduate programs in
business management are needed in addition to programs in math, science and
engineering. This reflects the importance of business management expertise for science
park tenants.
MinshalPs (1983) findings also support Money's (1970) work. He confirms that

successful parks in the U.S. are characterized by control and restriction. They usually

have a formal and clear documented set of covenants governing the activities within t
project. They normally include a description of the project, definitions, general
provisions, variances, permitted land uses, performance standards, space allocations,
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parking and loading, architectural and engineering provisions, and review procedures.
They apply rigorous performance standards in various aspects such noise, smoke,
particulates, fumes, vapors, vibration, glare, lighting, effluent, discharge, waste,
radiation, fire and safety to ensure the high quality of the parks.
In agreement with the previous studies, Minshall (1983) finds that: "[o]ne
essential ingredient that often differentiates successful technology parks from mixed
use/office parks is the direct participation and support by a local university probably
with strong engineering, science, and math programs - but at least an interest in
working with private sector firms in collaboration or support roles. Without a strong
relationship between higher education and industry to nurture research and
development activities, the typical high technology park demonstrates a propensity to
fail or shift to a mixed-use status" (Minshall, 1983:13). Besides, Minshall (1983) finds

three more characteristics of successful parks in the U.S., which are not included in the
previous studies. They are as follows:
• Organizationally, they have a tight and well-organized management, a highly
professional and full-time executive director and staff, and a marketing program
that extends across the community.
• They have considerable flexibility in regard to land use and activities allowed
within the park. "Most acceptable uses include not only research and
development, but also manufacturing activities with significant prototype and
pilot activities, light manufacturing and assembly, offices, business and personal
services, and others" (Minshall, 1983:18). However, warehousing and distribution
tend to be largely lacking.
• Periods of development (or age) have been much longer than normally realized
and in virtually every case have involved a minimum of 20 to 25 years.
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About 35 years after thefirstscience park appeared in the U.S. C o x (1985)

extracted from their development four ingredients essential for park success. They are a
desirable living environment, a major technological university, major institutional
research facilities, and a skilled labour force. In his opinion, any community without
one of these ingredients will have a difficult time in developing a science park. Three
these four ingredients, except major institutional research facilities, are remarkably
identical to some of those key factors suggested by the previous studies (see Money,
1970; LaValle, 1982; Minshalls, 1983). They fall into the category of geographic and
environmental factors termed firstly by Money (1970).
Cox (1985) suggests that a desirable living environment is critical for the success
of a science park. "Scientific Laboratories grow and Science Parks succeed in areas
where scientists want to live" (Cox, 1985:18). One example he provides to support this
argument is that places with attractive living environments such as Boston and San
Francisco have been developed into major research centers. Other areas with major
government laboratories but with less attractive living environments have not. Besides,
he further confirms the importance of the multifaceted role of a major technological
university in a science park development:
"Continuing education opportunities are increasingly important in today' rapid
changing technology. T h e faculty plays a vital role in technology transfer, in
starting n e w companies, acting as consultants, and in serving as directors. The
graduates provide a steady source of highly trained employees. Obviously the
greater the reputation of the university, the more influence it can have" (Cox,
1985:18).
Cox's (1985) third ingredient, that is, one or more major research facilities in a

park or nearby, is a brand new suggestion. According to him, existing research facilitie
can bring other laboratories to a park and attract supporting operations, which further
form a more attractive location for smaller facilities or firms. They can also be the
source of spin-offs. "History shows that the majority of these spin-offs locate in the
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immediate areas because of h o m e commitments, professional relationships, k n o w n
support facilities and inertia" (Cox, 1985:19).
In addition, Cox (1985) suggests that the attitudes and actions of the local
community are a large factor in the success of a science park. Elements directly
involved include the government, utility companies, educational institutions, financial
institutions and many citizen organizations. "All these organizations must join forces
providing a warm welcoming atmosphere in which to work out the myriad of details of
a development and make the prospective scientists and entrepreneurs feel they have
found a comfortable home" (Cox, 1985:21). A supportive cultural and economic
environment is very important in launching an entrepreneur.
In the 1990s, Lugger and Goldstein conducted an assessment on the impact of
research parks on the regional economic development in the U.S. They found "parks
that provide amenities to park businesses seem to have become more successful than
the others, all else being equal" (Lugger & Goldstein, 1991:176). They believe regions

differ widely in their suitability for research park growth. In general, regions that ar
most likely to host successful research parks are those with such factors as:
• an existing base of R&D and high-tech activity;
• one or several research universities, medical schools, and/or engineering
institutes;
• good air service;
• a well-developed network of infrastructure and business services; and
• foresightful and effective political, academic, and business leaders.
They note that all these factors need not be present at the very beginning because
some, such as airport, can be affective by policy and may be developed as a result of
park growth. Lugger and Goldstein (1991) do not provide other elaboration on these

91

Chapter 4. Factors Enhancing Spontaneous and Planned Industrial Clusters

five factors as their study focuses on the economic contribution of science parks. These
factors, except the last one, are in agreement with the previous studies as discussed
above. Besides, Lugger and Goldstein's first factor supports Cox's (1985) new

suggestion, that is, having one or more major institutional research facilities in a pa
nearby. Their last factor, foresightful and effective political, academic, and business
leaders, is new, but its connotation is very abstract.
The above presentation reflects that all these five studies proposing KSFs for

science parks in the U.S. emphasize park location factors. They indicate that a beautif
landscape, although important, is not enough to attract knowledge-based firms and
knowledge workers, and is far from a park's ultimate success. A park has to be located

in a place with (or with easy access to) a pleasant, convenient and supportive living an
working environment so that technological entrepreneurs can like the place, and are
willing to work and develop their businesses in that place. They also all suggest the
involvement of a university or research institution to be a science park KSF. Three

studies point out the importance of a flexible physical layout for the tenants' expansi

strict controls and restrictions for the park's aesthetic quality, and a competitive re
A highly professional and committed management team, considerable flexibility in
regard to tenants' land use, and preparation for a long-term development are proposed
by one study.

4.2.2 KSFs for science parks in Europe
Five studies have been found reflecting KSFs for science parks in Europe. Four
are from the U.K., one from Germany. All were published after the early 1980s. In
contrast to the studies in the U.S., most of them, four among these five studies,
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emphasize the importance of park m a n a g e m e n t for a successful park operation. T w o
focus on park location factors.
The first exploratory study about science parks in Europe was conducted in the
U.K., where the first European park was established. It appeared in 1982, a decade after
the first park opened there. Williams (1982) conducted a survey among science park
developers as well as existing and potential park tenants in the U.K. The focus was on
park location factors. The result indicates that proximity to an international airport, a
good road network, a pleasant residential environment and a pleasant working
environment are essential for a successful science park development; proximity to a
market, proximity to a capital city, a good rail link to the capital, a specialist labour
force and availability of university support are important (Table 4-2). All these factors,
except proximity to a market, are almost identical to those geographic and
environmental factors proposed by the studies in the U.S. This indicates that park
location factors important for knowledge-based firms and knowledge workers in the

Table 4-2. Importance of location factors for a successful science p a r k
Essential
Proximity to market
Proximity to supplier
Proximity to airport
Domestic
International
Proximity to seaport
Proximity to capital city
Good road network
Good rail link to capital
Specialist labour force
Pleasant residential environment
Good cultural and recreational
amenities
Selective regional financial
assistance
Availability of university
support
Pleasant working environment
Source: Williams (1982:3).
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Important
*

Relevant

Irrelevant

*
*
*
*
*
*
*
*
*
*
*
*
*
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U.K. are similar as those in the U.S.
Williams (1982) interprets the distinction of an international airport as the need
for the easy movement of senior personnel internationally because many high

technology industries serve an international market. The desire to be close to the Capi
City and in a location with good road and rail links derives from the nature of the
operations undertaken and the highly skilled personnel involved. He suggests that the
existence of a highly skilled labour force within areas which are environmentally
desirable is doubly attractive to incoming firms.
In addition, Williams (1982) also finds from the experiences of the science parks
in Cambridge and Warrington, the only two parks in the U.K. at that time, that

flexibility of building structure is important so that tenants' expansion can take plac
without uprooting expensive plant and equipment. Another two surveys among park

tenants in the U.K. conducted in 1986 and 1992 support this finding. They indicate that
park tenants are significantly more likely to appreciate the value of their current
location than firms away from parks, and that they desire to expand on-park (Westhead
& Storey, 1994).
Currie's (1985) study of parks in the U.K. reflects that a sound administration is
critical to the success of a science park. It "is an essential key to reconciling the

interests of the promoters, to attracting tenants of the type required, and to ensuring
them reap the maximum advantage from their location" (Currie, 1985:39). The study of
Segal Quince and Wicksteed shares the same opinion. It suggests that the management

of a science park is a crucial factor in success or failure. Establishing a science par
piece of challenging work because the director is simultaneously putting together the

financial and legal structure, supervising building works and attracting companies to t
park (SQW, 1985).
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The G e r m a n experience confirms that full-time committed management is vital
for the success of a science park. As the developments are increasingly expected to be
financially viable, the management must be capable of operating according to market
requirements. A successful development cannot be achieved with a half-hearted
approach (Fiedler, 1989).
Carter (1989) conducted a comprehensive study of parks in the U.K. at the end of
the 1980s. He also suggests the importance of park location factors. They include
proximity to academic or research institutions as small knowledge-based companies
especially need technological and business support; access to suitable labour, markets,
suppliers, advice and professional services including sources of funding for firms;
access to good residential and leisure environments and to national and international
transportation networks. This is in agreement with Williams (1982). Besides, Carter
(1989) confirms Williams' (1982) finding concerning the flexibility of building
structure. He suggests that premises should be designed to allow maximum internal
flexibility to adapt to changing requirements. It is interesting to note that while the
experiences of parks in both the U.S. and the U.K. reflect the importance of flexible
spaces, in the U.S. it refers to park landscape, but to the internal building structure
the U.K. This could partly explain the different physical scales of parks in these two
countries: parks in the U.S. are much larger than those in the U.K. (see Chapter 2).
Furthermore, Carter (1989) points out that science park tenants change their
property requirements more often and more rapidly compared with typical industrial
and commercial users. It is necessary to be close enough to tenants to recognize and
almost anticipate their needs. Apparently, science parks will require management skills

over and above those of traditional estate management. In addition, "[t]he attitudes and

roles of the major parties involved is a critical determinant of the success of any sci
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park venture. If the motive for establishing a science park is merely to keep up with the
herd and the behaviour of the sponsors and managers reactive and negative rather than
positive, the venture is unlikely to be worthwhile" (Carter, 1989:78). The experiences

of parks in the U.K. prove that formally structured partnership arrangements are likely

to lead to more lasting success and to be able to attract investment for further growth
(Carter, 1989).
Agreeing with Minshall's (1983) study of parks in the U.S. Carter (1989) suggests
that science parks must be seen as a long-term investment in terms of financial return
well as technology transfer and job creation. There are three reasons for this. First,
science parks face the uncertainty of a new market. Second, they usually have a

relatively long period of development owing to the strict entry criteria for tenants an
the small amount of intake per annum, especially at the beginning. Third, intensive
management is essential, which is seldom self-supporting in the early years, and much
more expensive than conventional estate management. Therefore, financial resources

are required in the form of funding for further property development and risk capital f
tenant firms2. Shortage of investment will inhibit their growth.
One more significant contribution of Carter (1989) is that he raises two important
issues: market appraisal and development appraisal. In terms of market appraisal, he

suggests that "[t]he initial feasibility study must identify the potential market segme

It should include an analysis of the local economy, its composition, linkages and growt

potential. The strengths of the local economy will be the most likely basis for the ear
growth of the science park and it is important to identify what will attract potential

tenants" (Carter, 1989:39). The results of the market appraisal need to be interpreted f

'Risk capital" is the same as "venture capital" (Giunta, 1996).
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the formulation of the development appraisal. Park development proposal must be
matched with an identified demand or with a deliberate strategy to create demand.
The above findings show that four of the five studies concerning science park
management from Europe suggest park management as a critical factor for park
success. Managing a science park has been acknowledged as a demanding type of work.

Highly professional managerial skills are needed as science park tenants usually change
their property requirements more often and more rapidly than traditional and

commercial users. In agreement with this, two studies in the U.K. point out that flexibl

building structure is necessary in order to adapt to the tenants' changing requirements.
Location factors composing pleasant, convenient and supportive living and working
environments are emphasized by two studies. Factors proposed are nearly the same as
those found in the U.S. except proximity to markets and suppliers. Sufficient financial
resources for park property development and tenants' growth, familiarity with the
market and regarding a science park as a long-term investment are proposed by one
study.

4.2.3 Classification of KSFs for science parks in developed countries
In order to facilitate the investigation of the above science park KSFs in the
context of parks in developing countries for the hypothesis and research question
concerned, the present study classifies them into three categories. They are park
location factors, park preparation, and a professional management team.
Park location factors - This group of factors is suggested as important in
attracting knowledge-based firms and knowledge workers to a science park. The factors
concerned are centered around two themes. These are the quality of life and the
ingredients for knowledge work. The factors that compose the quality of life include a
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pleasant residential area in a m e d i u m price range and within commuting distance; good

public schools; a convenient transportation system that includes air, road, and rail li
the convenience services of a restaurant, motel, post office and bank; various types of
amenities facilities; community cultural offerings; and proximity to an urban center.
Factors classified as the ingredients for knowledge work include a skilled and
specialized labour force, R&D facilities, and academic or research institution(s)
providing library facilities, continuing education opportunities and technological and
business advice and services. Park location factors proposed by the studies in North
America and Europe show great similarities, although they are the focus of all the five
studies in North America compared with two out of five studies in Europe.
Two studies in the U.K. suggest proximity to markets and one suggests proximity
to suppliers is important for science parks. The present study won't advocate this. As
science parks, especially the type targeted by the study, usually house knowledgeintensive activities rather than mass production (see Chapter 2), it would be very rare
for park tenants to have large volumes of materials or parts coming from suppliers and

products going to markets. Parks that do have these activities are not the type targeted
by the present study. In addition, tenant firms of a science park may be from more than
one industry. Their suppliers and markets can be different should they have and locate
in different places. A park can hardly be near all of them.
Park preparation - Park preparation refers to the stage before a park opens. Four
KSFs are classified into this group. They are familiarity with the market, flexible
physical layout, sufficient financial resources, and the regulating of the tenants'

activities for the park's aesthetic quality. The first factor is derived from the exper
of successful parks in the U.K. The second and third are shared by the experiences of
parks in both the U.S. and the U.K. The last one is proposed by the studies in the U.S.
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•

Familiarity with the market: A feasibility study should be conducted to identify

the potential market segments of a park as well as factors attractive to the
potential tenants. A development proposal should be worked out in accordance
with the demand situation.
• A flexible physical layout: The physical layout for both the internal building
structure and the external landscape should allow maximum flexibility because
the property requirements of technological firms change more rapidly than those
of traditional and commercial users, tenants tend to prefer an expansion within
their park to uprooting their facilities and moving somewhere else. The
importance of a flexible internal building structure is reflected in the experiences
of parks in the U.K., and the importance of flexible landscape, in the U.S.
• Sufficient financial resources: A science park should be regarded as a long-term
investment for return, either in the form of financial return, technology transfer, or
job creation. It may take two decades for a park to achieve a remarkable success.
Sufficient financial resources have to be available to assist park property
development and the tenants' knowledge-intensive activities. While studies about
parks in the U.S. concern financial support for only tenant firms; those in Europe
focus on the development of both park and tenant firms.
• Regulating the tenants' activities for the park's aesthetic quality: There should be
a well-documented set of covenants governing the activities and performance
standards permitted inside a park. While the principle is to retain the aesthetic
quality of a park, and the recruitment priority is given to knowledge-intensive
activities, considerable flexibility for the tenants' land use and activities should be
allowed. This KSF comes from the studies of parks in the U.S.
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A professional management

team - There is only one K S F in this group. It is to

have a highly professional and fully committed management team in the fields
concerned such as property management and marketing. This is emphasized by most
studies in Europe (four out of five studies) compared with one study in the U.S.
Apart from the above, one study in the U.S. proposes that a welcoming and
supportive environment in the community is important for the emergence of

entrepreneurs, and therefore, important for the success of a science park. As no specif
measure is provided, it is not included in the above classification.

4.3 Comparison between the factors enhancing spontaneous industrial clusters and
science parks
As presented above, the present study targets Porter's "diamond" model in the
investigation of the hypothesis that the fertile environment for the development of

spontaneous industrial clusters proposed by the literature is able to play a guiding ro
in the management of science parks in developing countries (Hypothesis 2). In order to

facilitate the investigation in the context of science parks in developing countries, t
study conducts a comparison between the above science park KSFs and the ingredients
of Porter's "diamond" model that are all proposed in the literature from developed
countries. The comparison shows that "factor conditions" of Porter's model include
science park location factors. Science park location factors are those specialized and
advanced factors and high quality basic and generalized factors according to Porter's
(1990) definition3. Those favourite park location factors that can be classified as
specialized and advanced factors are the ingredients needed for knowledge work. Those

that can be classified as high quality basic and generalized factors are the elements t

3

See Chapter 4 for the definitions of specialized versus generalized factors and advanced versus basic
factors.

100

Chapter 4. Factors Enhancing Spontaneous and Planned Industrial Clusters

compose the quality of life desired by knowledge workers. The other two groups of
science park KSFs and other ingredients of Porter's "diamond" model are hardly related
with each other. Science park KSFs orient to micro-managerial issues. The ingredients
of Porter's model are about a national scenario. Although one determinant of Porter's

model is named "firm strategy, structure and rivalry", which intimates a focus on micro-

managerial issues, its connotation refers to the context, the macro-aspects of a nation,
that influence the ways in which firms are organized and managed.

4.4 Summary and conclusion
This chapter presents the factors that comprise the fertile environment necessary
for the development of spontaneous industrial clusters and the KSFs for science parks
proposed by the literature from developed countries. Among cluster studies that have
probed how to enhance the development of industrial clusters, Porter's (1990)
"diamond" model is the most extensive and widely cited. Porter (1990) proposes four
determinants and two variables for his model. The four determinants are "factor
conditions", "demand conditions", "related and supporting industries" and "firm
strategy, structure and rivalry". The two variables are "chance" and "government".
• Factor conditions refer to the nation's position in factors of production, which
include human resources, physical resources, knowledge resources, capital
resources, and infrastructure. They can be distinguished as basic versus advanced
factors and generalized versus specialized factors. The possession of sufficient
needed factors is helpful for the growth of an industrial cluster.
• Demand conditions have three significant broad attributes: the composition (or
nature of buyer needs) of home demand, the size and pattern of growth of home
demand, and the mechanisms by which a nation's domestic preferences are
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transmitted to foreign markets. A favourable demand condition is characterized
by a large number of sophisticated and demanding buyers; a demand with rapid
growth, early saturation and anticipation of international needs; and mobile and
international local buyers.
• Related industries are those in which firms can co-ordinate, share activities, or
involve products that are complementary. Supporting industries mainly refer to
suppliers. The presence in a nation of related and supporting industries that are
internationally competitive will benefit the growth of the industrial clusters
concerned.
• Firm strategy, structure and rivalry refer to the context in which firms are
created, organized and managed as well as the nature of domestic rivalry. An
industrial cluster tends to grow faster if the goals of owners and managers match
the needs of the industry; and if there is vigorous local competition, and many
new business formations.
• Chance and government are two variables, that are able to influence the above
four determinants either positively or negatively. The way to influence the above
four determinants positively is to give a quick response to chance events and to
have government directing and moderating the determinants towards favourite
conditions.
Padmore and Gibson (1998) also suggest a system of factors named GEM, which
echoes Porter's (1990) work. It is composed of six factors. They are "resources" and

"infrastructure", "supplier and related industries", "firm strategy, structure and riva
"local markets" and "access to external markets". Padmore and Gibson (1998) suggest
quantifying these factors in order to assess the strengths and weaknesses of industrial

clusters. The present study selects Porter's "diamond" model for the investigation of t
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hypothesis - the fertile environment for the development of spontaneous industrial
clusters proposed by the literature is able to play a guiding role in the management of
science parks in developing countries (Hypothesis 2).
In terms of KSFs for science parks, the literature with substantial content of
science park management is mainly from developed countries such as the U.S., the U.K.

and Germany. The present study classifies the KSFs identified in the literature into thr
groups. They are park location factors, park preparation and a professional management
team.
• Park location factors include two types of factors, those composing the quality of
life desired by knowledge workers and those ingredients needed by knowledge
work. They play an important role in business location and working place
selection of knowledge-based firms and knowledge workers.
• Park preparation refers to the stage before the park opening. KSFs concerned
include familiarity with the market, a flexible physical layout for the internal
building structure and the external landscape, sufficient financial resources for the
development of both park and tenants, and regulating the tenants' activities for the
purpose of keeping the park's aesthetic quality.
• A professional management team with committed expertise in each particular
field such as property management and marketing is critical for the successful
operation of a science park.
The comparison between these science park KSFs and the ingredients of Porter's

"diamond" model indicates that science park location factors are part of Porter's "facto
conditions". They are those specialized and advanced factors and high quality basic and
general factors according to Porter's (1990) definitions. The other science park KSFs

and ingredients of Porter's model are not so relevant to each other. The former are abou
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micro-managerial issues. The latter focus on the macro-aspects of a nation. This finding
will facilitate the investigation of the hypothesis concerned in the context of science
parks in developing countries.
Two findings presented in this chapter also provide some implications for the

investigation of the third hypothesis of the study - clustering advantages leading to the
formation and sustained growth of spontaneous industrial clusters function in the same
way for science parks in developing countries (Hypothesis 3). The first finding is that
favourite location factors are the prime factors attracting firms to science parks in
developed countries. Factors concerned are those needed by knowledge workers and
their knowledge work. The second finding is that "factor conditions" of Porter's
"diamond" model include science park location factors. These findings are also applied
to the investigation of the hypothesis in the context of science parks in developing
countries. Details for the investigation is presented in Chapter 8.
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Chapter 5
Science Park Case Selection

This study has undertaken three activities in order to select appropriate science
parks for in-depth case studies. They are a benchmarking exercise on science parks
within developing countries and NICs of Asia, an exploration of the national scenarios
of selected potential cases and an examination of their park operations. These three

activities have been designed for the purpose of selecting parks with three characters.
Firstly, the cases should be initiated and established in the context of developing

economies as the study needs to investigate its hypotheses and research questions in th
parks of developing countries. Secondly, preference is given to government-driven
schemes, which are the major type of science parks in developing countries, and which
also decides the popularity of the model for science park management formulated by

this study. Thirdly, they should be in the park/campus style, the target of the present
study.
The benchmarking exercise was planned to screen out comparatively wellestablished parks. Science parks included for the benchmarking are those from

developing countries and NICs in Asia, where the largest group of early science parks i
developing countries are located. Criteria used were designed according to the general
attributes of the type of parks targeted by the study and park performance. They are
parks with an organizational entity, parks with a minimum of 10 years in operation,

parks with IT (information technology) facilities, parks with over 30 tenant firms, par
of a smaller size and parks with a smaller number of employees per tenant firm. Major
information was drawn from IASP's World-Wide Directory (IASP, 1998) and
AURRP's Worldwide Research & Science Park Directory 1998 (AURRP, 1998). The
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Singapore Science Park and Technology Park Malaysia emerged as the two potential
choices. They are at a mature and growing stage respectively. The Thailand Science
Park, which will open in 2002, has therefore been selected as a potential case for the
early stage of development. Such a variety in terms of the stages of park maturity was
calculated in order to enable the study to collect sufficient information about science
park management. The investigation of the national scenarios in relation to the
establishment of these three parks and their park operations confirm that they have the
characteristics desired by the study, that is, government-driven schemes in the
park/campus style which have been initiated and established in developing economies.
In accordance with the above three activities conducted, this chapter presents the
findings for the case selection in three parts. Part one describes the benchmarking
practice on science parks in Asian developing countries and NICs. Part two focuses on
the examination of the national scenarios in relation to the establishment of the
Singapore Science Park, Technology Park Malaysia, and the Thailand Science Park.
Part three is the examination of the operations of these three parks.

5.1 Benchmarking on science parks in Asian developing countries and NICs
Asia has the largest group of earlier science parks in developing countries and
NICs (see Chapter 2). According to Corporate Location's 1997 survey, the top three
popular science parks in the Asia Pacific region are Hsinchu Science-based Industry
Park in Taiwan, the Singapore Science Park and Technology Park Malaysia (Table 5l)1. In order to make a careful decision with the selection of comparatively wellestablished science parks, the study conducted a practice of benchmarking among parks

1

Evaluation was conducted based on the factors employed by companies looking to set up typical R&D
facilities such as quality of research carried out at the nearest university or institute, availability and cost
of highly skilled staff, amount of foreign companies attracted, proper costs and the size of the local
marketplace (Corporate Location, 1997).
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Table 5-1. T o p 10 science parks in the Asia Pacific region
Park
Hsinchu Science-based Industry Park
Arcasia (Singapore Science Park)
Technology Park Malaysia
M F P Australia
Monash Technology Precinct
Australia Technology Park
Macquarie University Science Park
Kanagawa Science Park
Tasmanian Technopark
Kyoto Research Park
Source: Corporate Location (1997)

Country
Taiwan
Singapore
Malaysia
Australia
Australia
Australia
Australia
Japan
Australia
Japan

1997 S

1
2
3
4
5
6
7
8
9
10

in Asian developing countries and NICs in the mid-1999, instead of just picking out
cases from the above highly ranked parks.
The pool of parks for the benchmarking is composed of the 36 parks in the Asian
developing countries and NICs that are members of the International Association of
Science Parks (IASP) and/or the Association of University Related Research Parks
(AURRP), which are the two worldwide science park associations (Table 5-2). Such a

pool was envisaged as sufficient for the case selection. IASP, headquartered in Spain,
has member parks from 42 countries (IASP, 1998). AURRP, based in the U.S., has
member parks from 45 countries (AURRP, 1998). Together with some national science
park associations, IASP and AURRP tend to feature annual conferences, newsletters,
occasional studies and joint lobbying exercises, and provide a useful vehicle for

professional networking and cross fertilization (Orr, 1994). A successful park and a pa
with potential can hardly ignore the opportunity of benefiting and promoting itself
through the international networks of IASP and AURRP by being a member of either or
both of these associations.
Major criteria for the benchmarking activity were designed according to the

general attributes of the type of parks targeted by the study and their park performan
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Chapter 5. Science Park Case Selection

They include parks with an organizational entity, parks with a m i n i m u m of 10 years in
operation, parks with IT facilities, and parks with over 30 tenant firms2. The reason
using these four criteria is as follows.
Parks with an organizational entity - As presented in Chapter 2, the present study
focuses on the park/campus-style schemes for a model for science park management.

Having an organizational entity is one of the important features of this type of par
Schemes without this feature, such as industrial development zones, were excluded
from the case selection as a result.
Parks with a minimum of 10 years in operation - Experience shows that science
parks can take a long time to get established even if their national and/or local
environments are favourable (Grayson, 1993). According to Castells and Hall (1994), at

least 15 to 25 years is necessary for a park to reach its full impact. The study cond

by the Department of Industry, Technology and Commerce of Australia states that 20 t

25 five years is needed before success can be fully gauged (DITC, 1989). As nearly a
science parks in developing countries and NICs were established after 1980 (see

Chapter 2), the criterion of having a minimum of a 10-year park operation should scr
out parks that are quite mature.
Parks with IT facilities - IT facilities here refer to the connectivity of Internet
e-mail. They are becoming common tools for not only research but also daily life.
McQueen and Haxton suggest: "The Internet was an out growth of communication

2

In terms of indicators representing park status, both IASP (1998) and AURRP (1998) use the number o
tenants and park size. Besides, A U R R P (1998) also use the number of employees and the number of
buildings. Other indicators that occasionally appear in the literature include the educational level of park
employees (i.e. Danilov, 1971), gender composition, minority composition, personal income (i.e. Luger &
Goldstein, 1991), overseas returnees (i.e. Swinbanks, 1994; Xue, 1997; Lin, 1997), company mortality
rate (i.e. Luger & Goldstein, 1991; Gwynne, 1992), the number of patents, R & D expenditure (i.e. Lin,
1997), the number of technology transfers (i.e. Luger & Goldstein, 1991; Kung, 1995; Lin, 1997), indirect
employment (i.e. Luger & Goldstein, 1991; Lin, 1997), the increase of regional population (i.e. Lin,
1997), and n e w industries created (i.e. Mathews, 1997). However, information concerned is very rare in
most cases.
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needs between research facilities. It is n o w c o m m o n place to email research documents.
Those countries that are slow in developing the Internet systems and software will
probably not maintain the same pace with the Science Parks of the more advanced
nations" (1998:508). The present study agrees with this opinion, and assumes that
science parks without a worldwide website home page and e-mail contact are less
competitive. Therefore, they have been excluded.
Parks with over 30 tenant firms - Science parks targeted by the study are
property-based initiatives established to assist the growth of knowledge-based firms

normally resident on site (see Chapter 2). The number of tenant firms, therefore, is a

indicator reflecting the popularity of a science park. There are sufficient parks meet
this criterion for the case selection (See Table 5-2).
Four parks pass the above four criteria. They are Technology Park Malaysia, the
Singapore Science Park, Shanghai Caohejing Hi-Tech Park in China, and Hsinchu
Science-based Industry Park in Taiwan. Their total employment numbers present a wide
difference. Technology Park Malaysia has 400, the Singapore Science Park, 6000. The
other two have around 50,000 (Table 5-3). Such a difference indicates that these four
parks may not be the same type of schemes.
Science parks distinguish themselves with knowledge-intensive activities and
large proportions of knowledge workers. Labour-intensive industrial activities are
usually not permitted (see Chapter 2). This implies that the number of employees per

tenant firm should be moderate. In addition, the park/campus-style science park scheme
(with or without a center/incubator-style scheme) targeted by the present study are
usually smaller than the city/region-style schemes. The total number of employees they
can house should be comparatively less. With these concerns, the study has made a
further comparison among these four parks in regard to aspects such as park size
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Table 5-4. Result of the second round benchmarking
Park
Technology Park Malaysia
Singapore Science Park
Hsinchu Science-based Industry Park
Shanghai Caohejing Hi-Tech Park

Size
(hectare)

Employees
per Tenant

314
63
580
600

10
30
216
116

Source: AURRP (1998).

and the average number of employees per tenant firm. The result indicates that
Technology Park Malaysia and the Singapore Science Park are smaller. They are 314

and 63 hectares respectively. Their tenant firms have fewer employees, 10 and 30 on

average respectively. Hsinchu Science-based Industry Park and Shanghai Caohejing Hi
Tech Park are much larger, 580 and 600 hectares. Their tenant firms have much more
employees, 216 and 116 on average respectively (Table 5-4). Therefore, Technology

Park Malaysia and the Singapore Science Park emerge as the potential choices for th
study. As these two parks were founded in 1988 and 1980 respectively, the Thailand

Science Park, which will open in 2002, was selected as the potential case at the ea
stage of park development.
In order to make sure that Technology Park Malaysia (TPM), the Singapore
Science Park (SSP) and the Thailand Science Park (TSP) are government-driven

schemes, the mainstream type of science parks, and were initiated and established i

economies at the developing stage, the study conducted an examination on their natio
scenarios. Findings are presented as follows.

5.2 National scenarios for the establishment of TPM, SSP and TSP
The examination on the historical, social and economic trajectories of Malaysia,
Singapore and Thailand found that Technology Park Malaysia, the Singapore Science
Park and the Thailand Science Park were initiated and established in developing
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economies. They were created by their national governments for the purpose of

promoting the development and application of science and technology at a turning poin
in their economic development. This indicates that these three parks belong to the

mainstream type of science parks (see Chapter 2). These are the characters desired by

the present study for the investigation of its hypotheses and research questions. They

also important for its formulation of a model for science park management in developi

countries as well as the potential application of the model. Details about these findi

are presented hereunder. A brief introduction to the geography and history of these th

countries is provided first in order to facilitate the understanding of their backgrou

5.2.1 Geography and history of Malaysia, Singapore and Thailand
The Federation of Malaysia (henceforth Malaysia), the Republic of Singapore
(henceforth Singapore) and the Kingdom of Thailand (henceforth Thailand) are located
in Southeast Asia3 (ASEAN, 1999). Malaysia with an area of 131,582 square kilometers

is located in the heart of Southeast Asia. It comprises two major landmasses, Peninsul
Malaysia and East Malaysia, which consists of the two states of Sabah and Sarawak on
the island of Borneo. Malaysia shares a border to the north with Thailand and to the
south, across Johor Strait, with Singapore (Cho, 1990; Tourism, 1999; Sino, 2001).
Singapore has a total land area of 647.8 square kilometers (SI, 1999), the smallest
country in geographical extent in Southeast Asia (Cho, 1990). Thailand covers a land
area of 513,115 square kilometers (Mahidol, 1997).
Malaysia and Singapore have an integrated modern history that was brought under
the control of the Europeans. The Portuguese conquered Malacca in Peninsular

3

Southeast Asia includes 10 countries. They are Brunei Darussalam, Cambodia, Indonesia, Laos,
Myanmar, Malaysia, the Philippines, Singapore, Thailand and Vietnam. They occupy a total area of 4.5
million square kilometers, and have a total population of about 500 million ( A S E A N , 1999).
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Malaysia in 1511. This started the European expansion in Southeast Asia. In 1641, the

Dutch came and drove out the Portuguese. In 1786, the British established the tradin

post in Penang, Peninsular Malaysia. They captured Malacca, drove out the Dutch, and

became the controller of the Peninsula in 1795 (Cho, 1990; USSD, 2000; SI, 2000). In
1819, the British turned Singapore into their trading post. Penang, Malacca and
Singapore became collectively known as the Straits Settlements in 1826, under the
control of British India. On 1 April 1867, the Straits Settlements became a Crown

Colony under the jurisdiction of the Colonial Office in London (SI, 2000). The Briti

established protectorates over the Malay sultanates on the peninsula, and four of t
were consolidated as the Federal Malay States in 1895 (USSD, 2000).
During World War II, the Japanese occupied the region from 1942 to 1945
(USSD, 2000; SI, 2000). The British forces returned in 1945, and applied Military
Administration. In 1946, Singapore became a Crown Colony under the British
government; Penang and Malacca became part of the Malayan Union created by the
British. The Malayan Union was abandoned in 1948, and the Federation of Malaya
emerged in its place (REGIT, 2001; SI, 2000).
The Federation of Malaya obtained independence on 31 August 1957 (USSD,
2000)4. Singapore established herself as a self-governing state in 1959, and merged

Malaya as part of a larger federation in 1961. In order to have a closer political a
economic co-operation, Malaysia was formed on 16 September 1963 as a merger of the
Federation of Malaya (including Singapore), Sarawak and North Borneo (now Sabah).
Singapore seceded from Malaysia on 9 August 1965 because of her friction with the
central government, and became a republic on 22 December (SI, 2000; USSD, 2000).

4

1 9 5 7 is regarded as the year of independence of Malaysia (see Straits Times, 1987a).
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Thailand has existed as a unified monarchy since 1350 (Mahidol, 1997). The

country is the only one in Southeast Asia that has never been colonized by a European
superpower (TAT, 2000; Limanonda, 1995). The modernization of the Kingdom was
undertaken in the 19th century by King Mongkut, or Rama IV (r. 1851-68), who ruled as

an absolute monarch. His son Chulalongkorn, or Rama V (r. 1868-1910), intensified the
process by abolishing slavery and introducing railroads, telegraph services, and

scientific education (Thailand, 1999). This exposure to Western ideas culminated in a
bloodless revolution by the Thai elite in 1932, who demanded replacement of the

nation's absolute monarchy with a constitutional government limiting the power of the

king. The revolution also initiated the struggle between military and civilian groups

control of the government, a continuing feature of Thai political life for several de
(Thailand, 1999). Since 1932, Thailand has experienced numerous, unscheduled

changes in government. The military has staged 17 coups, about one every three or fou

years. The most recent coup took place in 1991. In 1992 a civilian government replace
the military but was defeated at the polls in 1995. Actually, no Thai government has

ever served out its full four-year term (Weinberger, 1995). The current trend seems t

favour a popularly elected civilian government, in spite of the fact that no politica
can command an absolute majority and a coalition government with its inherent
weaknesses is inevitable (Thailand, 1999).

5.2.2 National scenario for the establishment of Technology Park Malaysia
The colonial Malayan economy grew around the international trade in tin and
rubber (Gomez & Jomo, 1997). The country was the biggest producer of these two

commodities in the world, but hardly had any manufacturing industry. All manufactured
goods had to be imported. After independence in 1957, the problem of unemployment
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became more serious as the tin and rubber industries provided few job opportunities.
The only way to create jobs was to go into manufacturing. However, Malaysians had no
experience in manufacturing, no technology, no capital and no management know-how
or marketing skills (Mohamad, 2000). Industrialization was largely confined to the

processing of raw materials for export and the production of a limited range of items
local consumption (Sundaram, 1987).
In order to promote development, the government formulated successive five-year
economic plans that began in 1966 (Ariff, 1991; Salih & Colyer, 2000). The First
Malaysia Plan (1966-1970) emphasized the need for extending industrialization to the

upstream, especially the manufacturing of intermediate goods (Ariff, 1991). Meanwhile,

the government moved to diversify industries (such as establishing industries based o
local primary resources) and agriculture (e.g. introducing oil palm, tobacco, cocoa,

(Sundaram, 1987)5. By the end of the 1960s, the country experienced a quite impressive
economic growth. The gross national product (GNP) in Peninsular Malaysia increased
by 86 percent from 1957 to 1969 (Cho, 1990). The annual gross domestic product
(GDP) growth rate in Peninsular Malaysia rose by 5.8 percent on average during 1957
and 1970 (Rao, 1976).
Like other developing countries, Malaysia's industrialization efforts were

concentrated primarily on the establishment of import-substitution industries (Strait
Times, 1978a), which had its weak points. The products from the primitive factories
were inferior to imports and cost more. High import duties had to be imposed in order
protect the local products, which deprived the local people of much needed
manufactured goods to improve their living standard. Wages and incomes could not
rise, so the local market could not absorb local products in sufficient volumes to

5

Agricultural and natural resource investments were stressed especially during the 1960s and the 1970
(Salih & Colyer, 2000).
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increase production efficiency. Besides, there w a s no w a y to export the inferior goods
as they could compete neither in quality nor in price (Mohamad, 2000).
As import-substitution achieved in Malaysia had generally involved assembly,
packaging and final processing of finished goods (previously imported) with machines
and material still largely imported from abroad, the employment generating capacity of
such industrialization had been limited (Sundaram, 1987; Jomo, 1990). It also became

obvious that import substitution could not provide a viable basis for sustained industr
development given the small domestic market (Ariff, 1991). Since the late 1960s,
emphasis in industrial development policy, therefore, shifted from import-substitution
export-oriented industrialization. The Investment Incentives Act was launched in 1968
to encourage the export expansion in manufactures. Meanwhile the Federal Industrial
Development Authority, established in 1965, began in 1967 to attract and develop
export-oriented industries (Sundaram, 1987; Jomo, 1990; Ariff, 1991).
This new emphasis was subsequently spurred by the policies embodied in the
Second Malaysia Plan (1971-75), which marked the beginning of the so-called New
Economic Policy6 and a commitment to an open industrializing capitalist economy.
Government efforts to attract and encourage export-oriented industries were in full
swing (Sundaram, 1987). Various facilities and incentives were provided for
investments in export-oriented industrial projects. They included an attractive parcel

fiscal incentives, tariff protection, the provision of relatively low priced factory un
and Free Trade Zone (Straits Times, 1978a). With the inception of the Third Malaysian

6

The objectives of the N e w Economic Policy, as outlined in the 1971-75 Five-year Plan, were a more
effective utilization of the country's limited resources and attainment of enhanced levels of social wellbeing. Their approach included both economic and social investments. The economic sector has received
around 2/3 of public development expenditures, with the social sector receiving m u c h of the rest (Salih &
Colyer, 2000).
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Plan (1976-80), an overt, outward-oriented export promotion strategy w a s promulgated
(Salih & Colyer, 2000).
Achievement with this new effort was obvious. By 1978, Malaysia had capital
investment in the manufacturing sector from more than 30 countries (Straits Times,
1978a). GDP of the whole country rose by 7.8 percent per year on average between
1971 and 1980 (MDS, 1981). Per capita income grew from M$2,313 in 1970 and
M$3,863 in 1980 (Salih & Colyer, 2000). The long renowned world's largest producer
and exporter of rubber and tin had also become the world leader in the export of palm
oil, tropical hardwood timber and pepper (Straits Times, 1978a).
During the first half of the 1980s, Malaysia embarked on a big-push
industrialization process (Salih & Colyer, 2000). The government policy turned to
develop the resource-based industries and selected heavy industries (Sundaram, 1987;
Business Times, 1980). It was realized that it was necessary to channel the resources

towards industrial development so that the country could be free from the manipulatio
of the commodity market by advanced countries (Straits Times, 1983a). Besides,
developing heavy industries was envisaged necessary to transform Malaysia into a
newly industrializing country (Jomo, 1990; Ariff, 1991). This resulted in state-led

investment in motorcars, cement, steel and motorcycles with highway projects emerging
as complementary programs (Rasiah, 1997).
However, the growth of resource-based industries didn't progress well. It was

severely constrained by existing tariff, transportation and other trade deterrents, w
generally continued to favour the export of raw materials rather than more processed
products (Jomo, 1990). The heavy industry ventures faced heavy losses in the initial
period, saddled with excess capacity, high production costs, market gluts and heavy
debts (Ariff, 1991; Rasiah, 1997). Given that they were heavily funded by government

118

Chapter 5. Science Park Case Selection

loans, the country's external debt soared (Rasiah, 1997). In addition, except for oil,
primary commodity prices fell sharply in 1980-84 (Rasiah, 1997). It affected Malaysia's
export. The country fell in recession in 1985 (Jomo, 1990; Rasiah, 1997). Though the
average GDP growth rate during 1981-85 was 5.8 percent per annum (Sundaram, 1987),
it was a negative growth rate in 1985 (-1.1 percent) (Ariff, 1991). The output of the
manufacturing sector contracted by 6.2 percent (Jomo, 1990). The unemployment rate
rose from 5.8 percent in 1984 to 6.9 percent in 1985 (Ariff, 1991).
In 1986, the 22-volume Malaysia's Industrial Master Plan (1986-1995) was
launched, which was worked out with the assistance of the United Nations Development
Program (Straits Times, 1984a). The Plan identified the absence of technological

capability as one major constraint to the healthy growth of the manufacturing sector in
Malaysia. This led to the vicious cycle of low product quality, high production costs,

low productivity, low profitability, and poor competitiveness. The low-level technology
was related to low level industrial research and insufficient research funding (Abdul
Rahman, 1988). Aimed at transforming the country from an agriculture-based economy
into a full-fledged industrial economy, the Plan provided a detailed chart of

industrialization. It spelled out guidelines to boost manufacturing and maximize the us

of local resources. Covering 13 manufacturing sectors, the Plan was expected to lay the
foundation to "leap-frog" the country towards advanced industrialization, missing out
intermediate stages of development and fostering home-grown technology (Business
Times, 1986a; Straits Times, 1988a & 1988b).
Affirmed by careful studies indicating that a technology park could have a definite
role to play in the implementation of the Industrial Master Plan, Technology Park

7

In 1982, the expenditure on R&D by the private sector amounted to only about 10 percent of the total
expenditure on R & D of the country compared with a share of five percent by universities and 85 percent
by the public sector (Business Times, 1987). In 1986, the total R & D expenditure of the country was equal
to 0.5 percent of G D P (Business Times, 1986b).
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Malaysia appeared as an approved project under the Fifth Malaysia Plan (1986-1990)
(Abdul Rahman, 1988)8. The Park was expected to:
• provide a national focus for action for new business formation and
commercialization of R&D;
• be an active vehicle for technology transfer from the laboratories;
• provide support for industry and technology and will target specific areas for
intervention and assistance;
• create a community of interest amongst companies and research workers;
• act as a source of venture capital finance for tenants;
• be a national exhibition center for new local and foreign technology;
• be a national information center for technology, including technical, market,
management and financial information;
• be the home of new government R&D institutions and of collaborative regional
R&D projects with commercial potential; and
• be the symbol of technology development in Malaysia (Abdul Rahman, 1988).
The implementation of the Park was the responsibility of a national committee in
the Ministry of Science, Technology and Environment. The committee had been
assisted by a consultant from Australia under the sponsorship of the United Nations
Development Program (Abdul Rahman, 1988). In 1988, Technology Park Malaysia
started as a government unit for park preparation and establishment. It was located
2-story commercial building in Kuala Lumpur. An incubation program was offered

there with office spaces being rented at competitive rates and assistance of managem

8

The relevance of technology parks for Malaysia had been examined by the Government since 1982
(Abdul Rahman, 1988).
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expertise being provided to tenant firms. The construction of the present park site
started in 1993. Phase I was completed in early 1996, when the park team moved in.

5.2.3 National scenario for the establishment of the Singapore Science Park
In the 1960s, Singapore was a third world country. Her GNP per capita was less
than US$320. With poor infrastructure and insufficient capital, the country's economic
structure was supported by low-end commerce with little foreign direct investment.
There were only a few industries for domestic consumption only (SEDB, 2000). The
withdrawal of British troops at the end of the 1960s (Goh, 1999) caused massive
unemployment and rampant labour unrest. Employment creation through intensive
industrialization became the country's prime objective. In order to create an
environment conducive to industrial development, Jurong Industrial Estate was built up
along the west coast of the island for all types of industries to set up shops there.
Singapore's industrialization, thereafter, started with factories producing garments,
textiles, toys, wooden products and hair wigs (SEDB, 2000). As the country had a
limited hinterland from which to draw raw materials and a small domestic market to

absorb the finished products, exploring export-oriented industrialization and attracting
export-oriented industries for the global market were the key strategy (Huff, 1994;
SEDB, 2000).
Foreign manufacturing activities were indeed attracted by Singapore's low labour
costs and stable social and political conditions. The city-state rapidly developed into
offshore production and export base for international capital. By the early 1980s,
foreign-controlled companies commanded about 70 percent of the total cumulative
investment in the manufacturing sector and about three-quarters of its total output,
export and value-added (Grunsven & Egeraat, 1999). The share of manufacturing in
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GDP

rose from 16.3 percent in 1966 to 23.9 percent in 1980 (Huff, 1994).

Manufacturing emerged as the largest sector in the economy, surpassing trade for the

first time (SEDB, 2000). Employment in this sector increased by fivefold from 1966 t
1980 (Huff, 1994). Full employment was achieved by the early 1970s (SI, 1999). The
living standard rose to US$8,333 per person in 1980 (Wang & Zhu, 1999).
However, most of the manufacturing activities internationalized into Singapore in
the 1960s and 1970s were labour-intensive and low-value added (Grunsven & Egeraat,

1999). R&D activities in the country were rare (Business Times, 1989b)9. Facing limit

internal natural resources and increasing competition from other developing countrie
the government, at the end of the 1970s, decided to restructure the economy to move

away from labour-intensive industries, and towards the exploitation of new technolog
(Chew, 1984b; Chng, 1987; Lum, 1988). R&D began to be emphasized as the key to the

country's economic future (Business Times, 1989b). It was made clear that R&D effort
must serve the country's political, social and economic needs for developing

technological capability in areas strategic to the national development, and R&D sho
be based on the needs of the markets, both present and perceived (Fong, 1979).

In order to facilitate the economic restructure, the role of the Science Council was
expanded from a mere adviser to a science promoter (Straits Times, 1977). It was to

adopt a three-pronged approach to expand R&D activities in the production sectors: t

promote applied research and innovations; to start special products; and to co-ordin

science and technology with different sectors of national development (Straits Times
1978b). Alongside this expansion, a comprehensive incentive package was announced

9

Data for 1978 showed that only 0.23 percent of GDP was spent on R&D, which was below the 0.5
percent level set by the United Nations for less developed countries. Only 2.5 percent of the 8,000
scientists and engineers engaged in R & D . Most of them worked in universities. A s a result, the majority
of research projects were biased towards basic research ranging from breeding habits of house lizards to
the properties of silicon cells for solar energy experiments (Strait Times, 1979).
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to encourage more R & D spending by industries (Business Times, 1981b). It included
the R&D Assistance Scheme, a S$ 10 million scheme promoting public research, and the

Product Development Assistance Scheme, a dollar-for-dollar scheme designed to induce
smaller local companies to initiate their own research programs for product quality
improvement and new product development10 (Straits Times, 1980 & 1983b; Business
Times, 1981a). Other incentives were investment allowance (possibly up to 50 percent

of total annual R&D expenditure), accelerated depreciation of 33.5 percent and doubl
tax deduction for spending on R&D (Business Times, 1980b).
In addition, a science park was proposed in order to accelerate Singapore's shift
from labour-intensive to knowledge-intensive industries. It was to support the new

industries, such as computers and biotechnology, that a new dimension to the industr

infrastructure and R&D had to be added. Meanwhile, it would work as a focal point for

all industrial R&D activities (Chng, 1987). It was believed, as had been the case wit
the concept of those parks in the U.S. and the U.K., that transfer and exchange of
knowledge and ideas between industrial and academic researchers would be encouraged

by the location of the park next to universities and research institutes. Such proxi
would encourage joint R&D programs involving arrangements like the exchange of

staff and sharing of expensive and sophisticated equipment (Straits Times, 1982a). On
March 1982, the master plan of the Singapore Science Park was unveiled (Keng, 1982).

Park construction started on 19 April of the same year (Strait Times, 1982b). About t
years later, on 17 January 1984, the Park was officially opened (Business Times,
1984b).

10

The R & D Assistance Scheme was originally named the R & D Block Vote. It was renamed in 1981 to
make it more identifiable as an assistance scheme for R & D activities (Strait Times, 1983b).
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5.2.4 National scenario for the establishment of the Thailand Science Park
Thailand is blessed with abundant natural resources (MacDonald, 1998).
Industrial development formally began in 1959 (Sriwatanapongse, 1997a), when the

first five-year National Economic and Social Development Plan was launched. It starte

an era of industrial investment promotion. The Board of Investment was established in
1960 for mdiscriminate industrial investment promotion (i.e., between domestic and
foreign investment portfolios) by providing "soft" support. Industrial promotion

between 1960 and 1971 was in the direction of import substitution (Jesdapipat, 1997).
The era of export industrialization promotion started in 1972, marked by the
National Executive Council Announcement No. 227. It unveiled the government's more
aggressive promotion of export-led industrialization. Tax and non-tax benefits were

offered to attract foreign investment. They included the exemption of corporate incom

tax for three to eight years, the reduction or exemption of import duties for machine

and raw materials, tax-free investment dividends, freer dispatch of foreign experts a
technicians, rights to own local land for industrial setups, and other designated
discretionary benefits (Iamjitmeta, 1989; Jesdapipat, 1997). All these contributed to
increasing number of factories (with government license for operation) from 631 in
1969 to 19,691 in 1979, a 30 times growth (Sriwatanapongse, 1997a). However, most of

what was manufactured were the products of simple processing industries such as wood,
prawns, tapioca pellets, tobacco, and sugar. The manufacturing sector employed only
about 8 percent of the population (Hussey, 1993).
Agriculture, another national development focus, developed quickly during these

two decades n. The total area of land under agricultural cultivation expanded from 49.

million rai in 1961 to 109.4 million rai in 1975 and to 147 million rai in 1982. Much

11

The first four National Economic Development Plans (1961-1981) focused mainly on the building of a
basic infrastructure in transportation, industry, agriculture, and health care (Yuthavong & Wojcik, 1997b).
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the land was acquired by clearing forestlands. B y the early 1980s, Thailand had

succeeded in raising agricultural output, and maintained its status as a leading expor
of agricultural products (Sriwatanapongse, 1997b). The country achieved high GDP
growth rates, 7.3 percent annually on average between 1965 and 1980 (Delios &
Keeley, 2000). According to Hussey (1993), such an economic growth was sustained by
the expansion of the agricultural sector, the export of primary products, and the
involvement of the United States in Vietnam, which resulted in a military-procurement
boom for Thai entrepreneurs.
However, the country's economic growth slowed to an average of 4.2 percent in
the first half of the 1980s and to 3.2 percent by 1985 (Phongpaichit, 1988). A series
external events between the mid-1970s and the mid-1980s affected the Thai economy.
They included the pullout of the United States from Vietnam in 1975, which ended the

procurement boom, and shortly thereafter the closure of U.S. military bases resulted i
the loss of an important source of foreign exchange and aid. The 1979 oil crisis
worsened the country's trade deficit as Thailand was a petroleum importer. Between
1980 and 1986, the world-market price for Thai products such as rice, coconut oil,
tapioca, tin, sugar, and rubber collapsed (Phongpaichit 1988). In addition to those
externally induced problems, the agricultural sector had slowed by 1980. Landdevelopment sites were exhausted, and yields declined as new land that had been
brought under cultivation in the 1960s and 1970s proved unsuitable for long-term
sustainable agricultural production (Hussey, 1993).
With a lackluster economy and a rising trade deficit, the government and local
entrepreneurs began to explore the possibility of developing a manufacturing sector
(Phongpaichit 1988). The country initiated major reforms during the first half of the
1980s (MacDonald, 1998). By 1985, fiscal, monetary, and trade reforms were under
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way. T h e tariff and tax structures were in favour of foreign and local industrial
enterprises that produced for export (Phongpaichit 1988). The role of science and
technology started to be emphasized. The fifth National Economic and Social
Development Plan (1982-1986) contained a separate chapter for science and technology

(S&T) development plan. It called for the promotion of foreign technology transfer, t
development of R&D capacity, and the mobilization of S&T personnel12. In particular,

the role of the state in strengthening S&T institutions and technical assistance from
abroad were emphasized. For the first time, the expenditure on R&D within the country
was targeted at 0.5 percent of GDP, and the production of S&T personnel was to
increase by 10 percent per year (MOSTE & NSTDA, 1999).
As a result, a number of international co-operative agreements were signed.
Together with these, the notion of science park came to Thailand in the mid 1980s.

Some international organizations and expertise worked as the catalyst for transplanti
the idea into Thailand. The Australian International Development Assistance Bureau

supported several study visits to Australian parks during 1985 and 1987. In 1989, the
Cabinet of the Thai government approved the establishment of the Thailand Science

Park . It was expected to promote research efforts in support of technology intensive

industries, to facilitate the growth of science and technology investment by the priv
sector, and to promote and facilitate the co-operation between the private sector
(technology users) and research institutions (technology generators) (TOR, 1996). In
1992, the U.S. Agency for International Development supported the landscape

12

The subsequent Plans after thefifthNational Economic and Social Development Plan (1982-1986) all
have a chapter for S & T development plan ( M O S T E & N S T D A , 1999).
13
It was named Thailand Science and Technology, Research and Development Park at the very
beginning.
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inspection ( S T R D P , 1995). Park construction was started in 1996. The first phase will
be completed in 2002, when the Park will be opened to the public14.
The above findings reflect that Technology Park Malaysia, the Singapore Science
Park, and the Thailand Science Park were all established in a developing economy. This

is necessary for the investigation of the hypotheses and research questions of the pre
study. These three parks were initiated by their national government to assist their
economic transformation, from a labour-intensive to a knowledge-intensive economy in
the case of Singapore and from an agricultural to an industrial economy in the case of

Malaysia and Thailand, through facilitating the development and application of science
and technology. They belong to the broad category of government-driven schemes, the
mainstream type of science parks in developing countries. Such homogeneity is also
important for the study's formulation of a model for science park management in
developing countries as well as the potential application of the model.
In addition to the varied maturity of these three parks (Table 5-5), the three

countries concerned are currently in different stages of economic development. Malaysi
and Thailand are still ranked as developing countries (UNIDO, 2001). Singapore has
been developing at an amazing speed, and has been ranked as the top country in the
Global Competitiveness Report of the World Economic Forum for four years since 1996

Table 5-5. Establishment of SSP, TPM and TSP
Science Motion Approval Starting Opening
park
construction
Singapore End of 1970s Early 1980s " 1982

1984

Malaysia Early 1980s 1985 1993 1988 (temporary site)
1996 (park site)
Thailand Mid 1980s 1989 1996 2001
14

The progress of park construction was delayed due to the financial crisis that started in 1997.
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(SEDB, 2000). Such heterogeneity could benefit the study with a wider range of national

experiences in relation to science park development as well as science park management
experiences.

5.3 Park operations of SSP, TPM and TSP
In order to make sure that Technology Park Malaysia, the Singapore Science

Park and the Thailand Science Park are in the park/campus style, which is the target o

the study, an examination of their park operations has been conducted. Findings confi

that these three parks are the park/campus-style schemes (with a center/incubator-sty
scheme's facilities). They lease properties and provide facilities and assistance to

knowledge-based tenant firms. The properties they provide include ready-built units o

various sizes for small firms and land plots for established companies to customize t

own buildings. The former can be leased for a few years, the latter, a few decades (se

SSP, 2001; TPM, 2001). A brief introduction to these three parks is provided as follow
Their order is arranged according to the time of their establishment. The Singapore
Science Park is introduced first, followed by Technology Park Malaysia and then the
Thailand Science Park.
The Singapore Science Park - the Singapore Science Park was opened in early

1984. It is located at the heart of Singapore's Technology Corridor in the southwest o
the country, an area with a high concentration of knowledge-based industries
comprising R&D companies, universities and R&D institutes and centers (SSP, 2001).

It is next to the National University of Singapore and near other technical institute
the Nanyang Technological Institute and the Singapore Polytechnic (Straits Times,
1982a & 1982b; Asian Finance, 1988). The Park was originally designed to cover 112

hectares to be developed in four phases (Straits Times, 1982b; Tan, 1993). Phase I, 30
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hectares, was completed at the end of 1995 (Straits Times, 1994a & 1996d). It has 20
buildings with a built-up area of 245,000 square meters. The 20 buildings include 13

multi-tenanted buildings, six land lessees' buildings and one amenity building. Of th

13 multi-tenanted buildings, three contain units customized for IT companies. The res
house R&D companies in other fields of technology. Phase II covers 20 hectares (SSP,

2001). Construction was started in April 1993, when Park I was managed to house about
100 tenant companies (Teng, 1993). By early 2001, there had been five multi-tenanted

buildings and two land lessees on site. The last building is slated to be up by the e
2001. Specialized facilities in Phase II include an Incubator Management Company,

which advises and nurtures fledging high-tech start-up companies located in the Park,
and the TeleTech Park, which claims to be Asia's first telecommunications R&D
dedicated facility. Phase III has a land area of 15 hectares to be developed over 12

years. It is targeted at the life science industry. The first building is expected to
by the end of 2004 (SSP, 2001). No detailed information about Phase IV has been
released. The Park had over 300 tenant companies by early 2001. The largest group is
the field of information technology followed by those in electronics. There are more
than 7,000 research engineers and scientists as well as support staff working in the

About 52 percent of them have a basic degree. 16 percent have a Master degree, and 12
percent are Ph.D. holders (SSP, 2001).
Technology Park Malaysia - Technology Park Malaysia was established in 1988.
It had operated in a 2-story commercial building in Kuala Lumpur before being moved

into the present park site in 1996. The present park site covers an area of 800 acres
(about 324 hectares) located in the south of Kuala Lumpur (TPM, 2001). It is at the
heart of the Multimedia Super Corridor (MSC), the Silicon Valley of the country
constructed since the mid 1990s (McGray, 1999; Einhorn & Prasso, 1999). The
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development of the Park is divided into three phases. Phase I, completed in 1996,
comprises 12 state-of-the-art buildings including the Resource Center, Innovation
House, Incubator Center and Enterprise House. They provide facilities and ready-built

units of various sizes for knowledge-based firms. Phase II, which is under construction
includes a Multimedia Center and Biotec city. The Multimedia Center houses a cluster
of intelligent buildings serving the physical needs of multimedia companies and
enabling them to be service providers to the MSC, the rest of Malaysia and the world.
Biotec City will provide facilities assisting companies in the field of biotechnology.

Phase III involves the leasing of land lots for individual companies to establish their
own buildings for their head offices, research facilities, test sites, and expansion.
were over 90 tenants in the Park in early 2001 (TPM, 2001).
The Thailand Science Park - The Thailand Science Park is rising on an 80-acre

(about 32 hectares) piece of land immediately north to Bangkok. It is sited between the

Asian Institute of Technology, an autonomous international postgraduate institute, and
Thammasat University, a prestigious local university. The development of the Park is
divided into three phases. Phase I will complete five buildings. They are Park Main
Building housing the Central Office of the National Science and Technology
Development Agency (NSTDA)15, three buildings for the headquarters of three national

research centers and a pilot plant. The three national research centers are the Nationa
Center for Genetic Engineering and Biotechnology, the National Metal and Materials
Technology Center, and the National Electronics and Computer Technology Center.

Each will have their research facilities and about 200 researchers located inside their
new building in the Park. Technological incubators and assisting facilities for tenant

15

NSTDA, established on December 30, 1991, is an autonomous funding and research organization unde
the Ministry of Science, Technology and Environment ( N S T D A 1999). It is responsible for the
establishment of Thailand Science Park.
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firms also equip these buildings. The Park will be opened in 2002 w h e n thefirstphase is

completed16. Phase II and III will include multi-tenant buildings, more facilities relat

to the technological fields of the three national research centers as well as residenti
buildings.

5.4 Summary and conclusion
The Singapore Science Park, Technology Park Malaysia, and the Thailand Science

Park were selected for in-depth case studies for the investigation of the hypotheses an

research questions of the research project. Three activities were conducted for the cas
selection. They are a practice of benchmarking among science parks in Asian

developing countries and NICs; an examination of the national scenarios in relation t

the establishment of these three parks; and an examination of their park operations. Th
is to make sure that the parks selected are government-driven schemes in the
park/campus style and were initiated and established in developing economies.
The benchmarking targets science parks of developing countries and NICs in Asia,

where the largest group of early parks in developing countries are located. The criteri

used reflect the general attributes of the type of parks targeted by the study and pa
performance. They include parks having:
• an organizational entity, which characterizes the park/campus-style science park
schemes, the target of the study;
• a minimum of 10 years in operation as well-established parks were planned to be
selected;

16

According to the original plan, Phase I would be completed by the end of 1998. However, the progress
was affected by thefinancialcrisis that occurred in mid 1997. Phase I is foreseen to be completed in
2001.
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•

IT facilities as parks without a worldwide website homepage and e-mail contact

can hardly be regarded as competitive;
• over 30 tenant firms as assisting the growth of knowledge-based firms resident on
site is the major task of a science park;
• a smaller size as the park/campus-style schemes targeted by the study are smaller
in size compared with the city/region-style schemes; and
• a smaller number of employees per tenant firm as science parks house knowledgebased firms engaging in knowledge-intensive activities rather than labourintensive activities.
The benchmarking practice screened out the Singapore Science Park and
Technology Park Malaysia as the first two choices. They are at a mature and growing

stage respectively. The Thailand Science Park, which will open in 2002, offers a usefu
case at the early stage of park development.
The investigation of the national scenarios in relation to the establishment of these
three parks and their park operations reflects that these three parks have the key
characters desired by the study for the investigation of its hypotheses and research
questions. First, they were established in developing economies. Second, they are
government-driven schemes created to assist their economic development through

promoting science and technology. Third, they are in the park/campus style, the target

the study. They lease properties such as ready-built units and land plots to knowledge
based firms, and provide other facilities and assistance for their growth. Such
homogeneity is important for the study to formulate a model for science park
management in developing countries as well as for the potential application of the

model. Besides, these three parks and their national economies are at different levels

development. Such heterogeneity could benefit the study with a wider range of national
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experiences in relation to science park development and the experiences of science pa
management.
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Chapter 6
An Investigation on Science Park Management Strategies

This chapter focuses on the first research question: Are the management strategies
for science parks in developed countries appropriate for science parks in developing

countries? The hypothesis established for this question is: micro-managerial strategi

for science parks in developed countries are applicable to science parks in developin
countries as long as they are of the same type of scheme, however macro requirements
for their successful operation may be different (Hypothesis 1). The type of parks
targeted by the study are those in the park/campus style.
The investigation for this hypothesis was designed to be carried out through
examining whether the KSFs for science parks in developed countries proposed by the

literature are appropriate in the context of the Singapore Science Park, Technology P
Malaysia and the Thailand Science Park, the three parks selected for in-depth case
studies. In order to facilitate this investigation, the study also interviewed park
management executives and tenant executives to explore the issues that are not
available in the literature. The information drawn from park management executives
targets park management strategies, and that from tenant executives focuses on the
needs and/or expectations of knowledge-based firms from a science park. This enables

the study to deduce the key factors needed for a successful science park operation in
context of a developing-oriented economy within the perception of both the demand
and supply side.
The result of the investigation supports the above hypothesis. It indicates that all

the KSFs for science parks in developed countries that are proposed by the literature
also important in the context of the above three parks. However, developing country
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specific KSF(s) exist. The one identified by the present study is government support. It

has been found to play an important role in influencing the establishment, developmen
and management of these three parks. Without their government's support, none of
these parks could have been established. However, such important functions of
government are hardly reflected in the literature concerning science park management
in developed countries. These findings imply that while some KSFs are common for
parks irrespective of the status of a country's economic development, others are more
dependent on specific environmental factors. The effectiveness of science park
management strategies in developed countries for a park in a developing country
depends on the nature of the broader macro level approach.
This chapter elaborates the above findings in two parts. Part one presents the key
factors for science park management proposed by both park management executives

and tenant executives interviewed. Part two investigates the KSFs for science parks i

developed countries reflected by the literature in the context of the Singapore Scien
Park, Technology Park Malaysia and the Thailand Science Park.

6.1 Key factors for science park management proposed by interviewees
The study interviewed 19 park management executives and 20 tenant executives

in order to probe the key factors for a successful science park operation in the cont
of a developing economy (see Appendix 1). Park management interviewees were asked

to suggest the strategies leading to the success of a science park. Tenant interviewee
were asked to list the needs and/or expectations of knowledge-based firms from a
science park. As assisting the growth of knowledge-based firms and knowledge-

intensive activities is part of the key task of science parks, understanding the needs

and/or expectations of knowledge-based firms from a science park is important for the
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study in its formulating effective park management strategies. 17 science park K S F s
were deduced from the feedback of both groups of interviewees. They are presented as
follows. The separate opinions of park management interviewees and tenant

interviewees are presented first, and are then followed by a comparative analysis of t
suggestions from both groups of interviewees.

6.1.1 Science park K S F s in the perceptions of park m a n a g e m e n t interviewees
Fifteen science park KSFs emerged from the answers provided by the park
management interviewees to the open-ended question: "What in your opinion are the
key strategies leading to the success of a science park?" They are divided into three
ranks according to their frequency of referral: most important, very important and
important (Table 6-1). The most important rank has four KSFs proposed by more than
half of the interviewees. They are advanced technological infrastructure, good basic

Table 6-1. Science park K S F s proposed by park m a n a g e m e n t executives
N=19
Science Park K S F
A. Most important
1. Advanced technological infrastructure
• 11 referrals to R & D equipment - 5 8 %
• 3 referrals to IT facilities/Internet - 1 6 %
2. G o o d basic infrastructure
3. Government support
4. Effective marketing
Very important
5. Co-operation with universities/research institutes
6. Technological support
7. Competitive rate
8. A strategic plan
9. A strong park management team
10. Financial support
11. Business expertise assistance
Important
12. Supportive environment
13. Internal co-operation
14. Strict tenant selection
15. Co-operation with other science parks
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Frequency

%

13

68

12
11
10

63
58
53

8
8
7
6
5
5
5

42
42
37
32
26
26
26

4
4
3
1

21
21
16
5
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infrastructure, government support, and effective marketing. The very important rank
includes seven KSFs put forward by 25 to 50 percent of the interviewees. They are co-

operation with universities/research institutes, technological support, competitive rate
strategic plan, strong park management team, financial support, and business expertise
assistance. The important rank groups four KSFs mentioned by less than 25 percent of
the interviewees. They are supportive environment, internal co-operation, strict tenant

selection, and co-operation with other science parks. Details about these 15 KSFs are as
follows.
A. Most important rank
• Advanced technological infrastructure was suggested by 68 percent of the
interviewees. It includes both equipment for R&D activities and IT facilities, and
more specifically, Internet connectivity. The former catches the attention of 58
percent of interviewees. The latter has three referrals, taking up 16 percent of the
interviewees. It was suggested that a park should set up appropriate technological
infrastructure including research labs, high-tech equipment, and IT facilities in
order to attract potential tenants. Technological facilities, especially those the
market doesn't have, would be to the advantage of a science park in that they
would benefit park tenants, and provide them with prestige as well.
• Good basic infrastructure, proposed by 63 percent of the interviewees, refers to
those elements that compose the quality of life, such as a bank, convenience store,
security, a school and sports' complex. Sufficient and convenient services
concerned would be necessary as a science park has to present itself as a pleasant
place to work so as to attract knowledge-based firms and knowledge workers.
• Government support was raised by 58 percent of the interviewees. Government
was suggested to be able to play multi-function roles that could influence the
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performance of a science park. The foremost government support for it is to
provide a piece of land for a park at a discount rate. A location with easy access
to an airport, surrounded by good road systems and excellent housing complexes
is not easily available without government assistance. Secondly, financial support
from a government would be required for a park's establishment and
development. As the return of investment in a science park is very slow, it would
be important that the commitment of a government be continuous. Thirdly,
government policy could channel firms to a park through incentives involving
tax, resources allocation, venture capital and research funds. Fourthly,
government research bodies could assist tenants with technological expertise,
which could help them lower any risk in their development of technologies and
products. A government's commitment to a science park is regarded as a
commitment to science and technology. It was suggested that a government
include a science park as an element in its Master Plan encompassing industries,
the private sector and the education system, rather than regarding it as an
independent project. To achieve this, it would be necessary to set up a S&T
culture to make S&T an important aspect within political and academic circles,
and to make a political move emphasizing that every political party needs a S&T
platform. The political party would have to be acknowledged as well as be
responsible for its S&T policy.
• Effective marketing, suggested by 53 percent of the interviewees, was envisaged
as important for a park to set up the awareness about itself as a location for R&D
activities and about the benefits it could provide for its tenant firms. Both
international and local promotions would be necessary in order to attract
outstanding firms. National and international industrial forums, exhibitions as
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well as the w e b site could be used for this purpose. A n effective marketing
division is necessary for a park.
B. Very important rank
• Co-operation with universities/research institutes was suggested by over two
fifths of the interviewees. Universities and research institutes are known to have
research facilities and experts. A park should set up strong linkages with them,
which would enable park tenants to gain easy access to these resources at a lower
cost. Forums could be set up in order to create more opportunities for meetings,
through which the industries could inform the universities and research institutes
of their needs so that these research organizations could know in which direction
to move.
• Technological support was also raised by over two fifths of the interviewees.
They suggested that a park should build up its core competency in order to help
local industries develop their strengths and be able to compete within the
international market. Reputable persons with special expertise would be needed in
order to attract potential tenants.
• Competitive rate, suggested by 37 percent of the interviewees, refers to both
rental and service. A competitive rate would be regarded as necessary in order to
lower the cost for knowledge-based firms.
• A strategic plan with a clear vision, objective, and key technological focus for a
science park was proposed by nearly one third of the interviewees. A thorough
awareness of the plan in the park would benefit the park operation. The
technological focus could reflect the context or the planning of the country, or the
trend of technology development. The park should show its strength in its
targeted fields. A science park should respond to the country's need, and look for
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the most appropriate and optimal use of S & T within the context of the country.
By being responsive to the local society, a park would have more impact, and
would be more relevant to the life of the people.
• A strong park management team was emphasized by one fourth of the
interviewees. In their opinion, a park must have a very strong leader and good
management to pursue the implementation of the right strategies in order to
achieve its objective. The leader should be outstanding in both academic
achievement and professional management skills rather than only in political
advantage. Members of the management team should also be knowledge-based in
order to provide good services to park tenants and be able to share knowledge
with them. Park management should not rely on only good infrastructure to
attract knowledge-based firms. More values would need to be created for them. A
science park should be the leader bringing small tenant firms forward.
• Financial support in the form of venture capital and research fund was suggested
by one fourth of the interviewees. Most small and medium enterprises, especially
start-ups, don't have enough fund for their R&D. A science park should channel
possible financial support from various sources such as government and private
sector to tenant firms.
• Business expertise assistance was also mentioned by one fourth of the
interviewees. Training courses in business management are necessary because
technological entrepreneurs know technologies, but may not know how to run a
business, nor how to effectively commercialize their technologies. It would be the
park's responsibility to increase their skills in these aspects, which would then
help them to achieve success.
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C. Important rank
• Supportive environment was suggested by one fifth of the interviewees. Services
meeting miscellaneous needs such as various types of information should be
provided. A one-stop service sector could be set up.
• Internal co-operation was raised by one fifth of the interviewees. There should be
a channel in a park enabling all the people within it to communicate, understand
the others' activities, and exchange ideas. There should be a close relationship
and co-operation between a park management team and its tenants. Regular
meetings and newsletters could be arranged.
• Strict tenant selection was suggested by 16 percent of the interviewees. Firms
with the potential of commercializing their R&D results should be recruited.
Those that just come for subsidies instead of developing technologies should be
screened out.
• Co-operation with other science parks had one referral. Other science parks
should be regarded as co-operators rather than competitors. Co-operation could be
achieved economically through telecommunications facilities.
In order to facilitate further analysis, the above 15 KSFs were classified into three
groups according to their characters. They are termed "infrastructure", "external
support", "management expertise and strategy" (Table 6-2). The infrastructure group
includes both advanced technological infrastructure and good basic infrastructure.
External support refers to the support from government, universities and/or research
institutes for both science parks and tenant firms. The management expertise and
strategy group has 11 factors concerning managerial issues. They are effective

marketing, a strategic plan, a strong park management team, internal co-operation, stric
tenant selection, co-operation with other science parks as well as various support
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Table 6-2. Classification of science park K S F s
Science Park K S F
A. Infxastructure
1. Advanced technological infrastructure
• 11 referrals to R & D equipment - 5 8 %
• 3 referrals to IT facilities/Internet - 1 6 %
2. Good basic infrastructure
B . External support
3. Government support
4. Co-operation with universities/research institutes
C. Management expertise & strategy
5. Effective marketing
6. Technological support
7. Competitive rate
8. A strategic plan
9. A strong park management team
10. Financial support
11. Business expertise assistance
12. Supportive environment
13. Internal co-operation
14. Strict tenant selection
15. Co-operation with other science parks

N=19
Frequency
%

13

68

12

63

11
8

58
42

10
8
7
6
5
5
5
4
4
3
1

53
42
37
32
26
26
26
21
21
17
5

and incentives for tenant firms such as technological support, a competitive rate,
financial support, business expertise assistance, and a supportive environment.
Their frequency of referral show that the availability of the infrastructure for
knowledge work and the quality of life is widely envisaged as important for a science
park's successful operation. This is followed by support from government, and
universities and/or research institutes. Among issues concerning park management
expertise and strategy, effective marketing was the concern of most interviewees.

Technological support, a competitive rate for tenant firms and a strategic plan were
recognized in comparison to other issues.

6.1.2 Factors attractive to knowledge-based firms in the perceptions of tenant
interviewees
Thirteen factors attractive to knowledge-based firms were deduced from the
answers of the tenant interviewees to the open-ended question: "What in your opinion
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are the needs and/or expectations of knowledge-based firms from a science park?" T h e y
are divided into three ranks according to their frequency of referral: most attractive,
very attractive, and attractive (Table 6-3). The most attractive rank has three factors
suggested by more than half of the interviewees. They are good basic infrastructure,
advanced technological infrastructure, and government support. The very attractive
rank includes four factors proposed by 25 to 50 percent of the interviewees. They are
prestige/credibility, internal co-operation, financial support, and competitive rental. The
attractive rank has six factors raised by less than 25 percent of the interviewees. They
are promotion, technological support, secretarial service, quick response to tenants'
needs, co-operation with universities/research institutes, and linkage with tenants of
other parks. Details about these factors are as follows.
A. Most attractive factors
• Good basic infrastructure was proposed by 90 percent oftheinterviewees.lt

Table 6-3. Factors attractive to knowledge-based firms
Attractive Factor
A. Most attractive
1. G o o d basic infrastructure
• 9 referrals to campus-like environment - 4 5 %
2. Advanced technological infrastructure
• 12 referrals to IT facilities/Internet - 6 0 %
• 4 referrals to R & D equipment - 2 0 %
3. Government support
B. Very attractive
4. Prestige/credibility
5. Internal co-operation
6. Financial support
7. Competitive rental
C. Attractive
8. Promotion
9. Technological support
10. Secretarial service
11. Quick response to tenants' needs
12. Co-operation with universities/research institutes
13. Linkage with tenants of other parks
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N=20
Frequency
%
18

90

16

80

11

55

8
7
5
5

40
35
25
25

4
3
3
3
2
1

20
15
15
15
10
5

Chapter 6. An Investigation on Science Park Management Strategies

includes those

aspects that determine

quality of life such as a well-

managed campus-like environment, a cafeteria, car park, gardening, airconditioning, lighting, security, mapping, shops, a post office, recreation
facilities, transportation and a road system. 45 percent of the interviewees pointed
out that a campus-like environment is very attractive to knowledge-based firms. A
green and peaceful environment is important for their physical and mental
relaxation, and is also helpful to stimulate their creativity. Services concerning a
cafeteria, air-conditioning and recreation facilities were suggested also necessary
at night because R&D people tend to work late.
• Advanced technological infrastructure was suggested by 80 percent of the
interviewees. It includes two aspects: advanced IT facilities and technological
equipment for R&D activities. The former is within the concern of more
interviewees, 60 percent; the latter, 20 percent. Advanced IT facilities were
regarded necessary not only for the tenants of IT industry, but for all tenant firms
communicating with the outside world. Continuous upgrading would be expected.
• Government support was mentioned by 55 percent of the interviewees. It includes
incentives concerning tax, grants, and special status for tenant firms. One-stop
information about government policy in terms of science and technology was also
regarded as important.
B. Very attractive factors
• Prestige/credibility was put forward by 40 percent of the interviewees. It would
connect with the name "science park". Firms located in a place named with
"science" or "technology" are usually regarded as engaging in high-tech
activities.
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•

Internal co-operation was raised by over one third of the interviewees. In their

opinion, people with similar talents and traits tend to group together. They would
communicate, co-operate, and share equipment and expertise. This may
complement or add value to their own work. Park management should arrange
joint activities among tenants to provide more opportunities for them to socialize.
• Financial support such as venture capital or funds for R&D and/or operation was
suggested by one fourth of the interviewees. Technological entrepreneurs usually
have brilliant ideas, but not enough money to start up their own ventures. A
scheme of financial support would be necessary in order to assist them.
Governmental funds should be channeled to park tenants for their own innovative
projects. This will benefit society in the long run.
• Competitive rental was mentioned by one fourth of the interviewees.
C. Attractive factors
• Promotion was proposed by one fifth of the interviewees. It would make a park
and its tenants known to the public, which would benefit their developments.
Exhibitions, shows, and conferences are some of the activities that a park could
organize, through which tenants could be exposed to the public.
• Technological support was suggested by 15 percent of the interviewees. A
science park is expected to play a leading role in R&D by providing technological
support, organizing seminars and workshops, and creating projects that could
assist tenant firms to explore their technological fields.
• Secretarial service was proposed by 15 percent of the interviewees. As most
science park tenant firms are small, it would benefit them by reducing their
investments and costs if a park could provide secretarial service with copiers,
scanners, phone and fax facilities.

145

Chapter 6. An Investigation on Science Park Management Strategies

•

Quick response to tenants' needs was also put forward b y 15 percent of the

interviewees. As some tenants' needs cannot be anticipated, and various incidents
could occur at any time, the ability to provide quick responses to tenants'
requirements would be a great support for them. A park should take an active role
to cater for the tenants' needs and help them whenever problems occur.
• Co-operation with universities/research institutes has two referrals, composing
10 percent of the interviewees. Such co-operation could raise the standard of a
science park. Proximity to a university or research institute could facilitate the cooperation. Co-operative activities with leading international universities or
research institutions should also be taken into the consideration.
• Linkage with tenants of other parks was suggested by one interviewee.
In order to facilitate further analysis, the above 13 factors were classified into four
groups according to their characters. They are termed "infrastructure", "incentive",
"publicity" and "service" (Table 6-4). The infrastructure group includes both good
basic infrastructure and advanced technological infrastructure. The incentive group has
three factors, viz. government support, financial support, and competitive rental. They

are, in most cases, related to tax advantage, venture capital, grants, and rental subsidi
The publicity group includes four factors. They are internal co-operation, promotion,
co-operation with universities and/or research institutes and linkage with tenants of
other parks. The publicity extends from the inside to the outside of a park. All these
activities could help to increase the awareness of park tenants and provide the
opportunities for creating potential values, which small firms can hardly achieve by
themselves. The service group has three factors. They are technological support,
secretarial service, and quick response to tenants' needs. One factor,

prestige/credibility, is excluded from this classification because it is derived from t
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Table 6-4. Classification of factors attractive to knowledge-based firms
N=20
Attractive Factor
A. Infrastructure
1. Good basic infrastructure
• 9 referrals to campus-like environment - 4 5 %
2. Advanced technological infrastructure
• 12 referrals to IT facilities/Internet - 6 0 %
• 4 referrals to R & D equipment - 2 0 %
B. Incentive
3. Government support
4. Financial support
5. Competitive rental
C. Publicity
6. Internal co-operation
7. Promotion
8. Co-operation with universities/research institutes
9. Linkage with tenants of other parks
D. Service
10. Technological support
11. Secretarial service
12. Quick response to tenants' needs

Frequency

%

18

90

16

80

11
5
5

55
25
25

7
4
2
1

35
20
10
5

3
3
3

15
15
15

n a m e "science park" as suggested b y the tenant executives interviewed.
The frequency of referral to these four groups of factors indicate that the

infrastructures for knowledge work and the quality of life are the attractive aspects of a
science park to most knowledge-based firms. This is followed by incentives from
various sources. Among the other factors, internal co-operation tends to be valued by
more firms. Interviewees' opinions about activities for publicity and various services
are less concentrated. This indicates that different knowledge-based firms may prefer
different activities and need different services.

6.1.3 Cross-examination of factors proposed b y park m a n a g e m e n t a n d tenant
interviewees
In order to give thorough consideration to the above factors proposed by park
management executives and tenant executives, the study summarizes these factors into
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Table 6-5. It presents a comparison between the opinions of park management
executives about science park KSFs and tenant executives' opinions about factors
attractive to knowledge-based firms. 17 factors are generalized altogether, are all
classified as science park KSFs. 11 of them were proposed by both groups of
interviewees; two, only by tenant interviewees; and four, only by park management
interviewees. They were labeled "mutual", "tenant specific" and "park management
specific" respectively (Table 6-5).
Mutual factors - The 11 mutual factors proposed by both groups of interviewees
are divided into three ranks according to their frequency of referral. They are most
important, very important, and important (Table 6-5).
Most important factors: Three factors suggested by more than half of all the
interviewees are ranked as the most important. They are good basic infrastructure,

advanced technological infrastructure and government support. They also top the facto

list proposed by either group of interviewees (see Table 6-1 and 6-3). Table 6-5 shows
that more tenant interviewees (90 and 80 percent) suggested good basic infrastructure
and advanced technological infrastructure than did park management interviewees (63
and 68 percent). More tenant interviewees (10 percent more) raised the factor of good
basic infrastructure over advanced technological infrastructure; but more park
management interviewees (5 percent more) proposed advanced technological
infrastructure over good basic infrastructure. In terms of advanced technological
infrastructure, significantly more tenant interviewees (40 percent more) proposed IT
facilities over R&D equipment, which opposes the suggestion of park management
interviewees. The third factor, government support, was raised by about 55 percent of
both groups of interviewees.
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Table 6-5. S u m m a r y of science park K S F s
KSF

% of Frequency
Total Tenant Park
N=39
N=20 N=19

Frequency
Total Tenant Park
N=3
N=20
N=19
9

* Mutual
Most important
1. G o o d basic infrastructure
77
90
63
30
12
18
2. Advanced technological
74
80
68
29
16
13
infrastructure
IT facilities/Internet 39
60
16
15
3
12
R&D equipment
39
20
58
15
4
11
3. Government support
56
55
58
22
11
11
Very important
4. Marketing/promotion
36
20
53
4
14
10
5. Competitive rate
31
25
37
12
7
5
6. Technological support
28
15
42
3
11
8
7. Internal co-operation
28
35
21
11
4
7
8. Financial support
26
25
26
5
5
10
9. Co-operation with universities/
26
10
42
2
10
8
research institutes
Important
10. Supportive environment
18
15
21
7
3
4
11. Co-operation with other parks
5
. 5
5
2
1
1_
* Tenant specific
12. Prestige/credibility
40
8
13. Secretarial service
15
3
* Park management specific
14. A strategic plan
32
6
15. A strong park management team
26
5
16. Business expertise assistance
26
5
17. Strict tenant selection
16
3_
Note: 1. "Tenant" = "tenant interviewees". "Park" = "park management interviewees".
2. N o . 10: It is "supportive environment" in the words of park management
interviewees, and "quick response to tenants' needs" in the words of tenant
interviewees.
3. N o . 11: It is "linkage with tenants of other parks" in the words of tenant
interviewees, and "co-operation with other parks" in the words of park
management interviewees.

Very important factors: Six factors are included in this rank, which were proposed
by 25 to 50 percent of all the interviewees. They are marketing/promotion, competitive
rate, technological support, internal co-operation, financial support, and co-operation
with universities and/or research institutes. Opinions from the two groups of
interviewees towards these factors are less concentrated than those towards the three
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factors in the most

important rank. Marketing/promotion, competitive rate,

technological support, and co-operation with universities and/or research institutes w
the concern of more park management interviewees (53 to 37 percent) than tenant
interviewees (25 to 10 percent). More tenant interviewees (35 percent) suggested
internal co-operation than did park management interviewees (21 percent). Financial
support was raised by a nearly equal proportion of both groups of interviewees, one
fourth.
Important factors: There are two factors in this rank proposed by less than 25
percent of all the interviewees. They are a supportive environment and co-operation
with other science parks. A nearly equal proportion of park management interviewees
and tenant interviewees proposed these two factors.
Tenant specific factors - There are two factors in this group suggested by only

tenant interviewees (Table 6-5). They are prestige/credibility and secretarial service
Their frequency of referral show that the former are important to more knowledgebased firms (as suggested by 40 percent of the interviewees) than the latter (as
suggested by 15 percent of the interviewees).
Park management specific factors - There are four factors in this group proposed
by only park management interviewees (Table 6-5). They are a strategic plan, a strong

park management team, business expertise assistance, and strict tenant selection. Thre

of these factors, except for business expertise assistance, are directly related with t
quality of a park management team and its working principles. A strategic plan was
raised by nearly one third of the park management interviewees; a strong park
management team, by one fourth; and strict tenant selection, by 16 percent. As for
business expertise assistance, although it was suggested important for tenant firms by

about one fourth of the park management interviewees, no tenant interviewees raised it.
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The above cross-examination of these factors suggested b y park management
interviewees and tenant executive interviewees indicates that a good basic
infrastructure, advanced technological infrastructure and government support are
widely envisaged as important by both the demand and supply side of science parks.
These are followed by marketing/promotion, which is an important means for a park to
set up the awareness about itself and its tenant firms. Other support and services, such
as technological support, a competitive rate, support from universities and/or research

institutes, financial support, business expertise assistance and a secretarial service a
also important for the operation of a science park, but the needs of knowledge-based

firms for them vary. Prestige/credibility and tenants' co-operation tend to be attractiv
to more firms than various support or services. Park management experiences reflect
that a strong park management team, a strategic plan and strict criteria for tenant
selection play an important role in creating a successful science park operation.
The above findings derived from interviewing park management executives and
tenant executives together with in-depth case studies on the Singapore Science Park,
Technology Park Malaysia and the Thailand Science Park have been applied to the
investigation of the first hypothesis of the study concerning science park management
strategies.

6.2 An Investigation on science park KSFs proposed by the literature
This part focuses on the investigation as to whether the KSFs for science parks in
developed countries proposed by the literature are appropriate in the context of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park. It

has been designed to test the first hypothesis of the study - micro-managerial strategies
for science parks in developed countries are applicable to science parks in developing
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countries as long as they are of the same type of scheme, however macro requirements

for their successful operation may be different (Hypothesis 1). Findings would provide
the answer to the first research question: Are the management strategies for science
parks in developed countries appropriate for science parks in developing countries?
Information applied to the investigation includes that from in-depth case studies
on the above three parks and the primary information collected through interviewing
park management executives and tenant executives, which has been presented in the

above section. The result of the investigation supports this hypothesis. It suggests t
the KSFs for science parks in developed countries proposed by the literature are

appropriate for these three parks under study. However, broader environment factors are
needed for their successful development and management.
The findings from the investigation are presented as follows according to the
three categories of KSFs proposed by the literature about science park management in

developed countries, namely, park location factors, park preparation, and a professiona
management team. They are followed by a discussion on the developing country
specific KSF identified by the study.

6.2.1 Park location factors
Science park location factors proposed by the studies from developed countries
are around two themes. These are the quality of life and the ingredients for knowledge
work. Those composing the quality of life include such aspects as housing, schools,
transportation, convenience services, recreational facilities, community cultural
offerings, and proximity to an urban center. Those ingredients for knowledge work
include a skilled and specialized labour force, R&D facilities, and academic and/or
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research institutions providing library facilities, continuing education opportunities,
technological and business advice and services (see Chapter 4).
This study argues that these location factors are also important for science parks in

developing countries. In terms of the quality of life, it is human nature to look for the
highest possible standard of life. Whether it is achievable or not depends on personal
financial capacity based on personal capability. Both, to a great extent, come from
personal education. Science parks are characterized by housing a big proportion of
knowledge workers who are involved in knowledge-intensive activities (see Chapter 2).
This segment of people are sought after in both developed and developing economies.
They will usually get a higher financial return for their personal capability, which
enables them to reach the quality of life. There should be no doubt that a science park,
no matter in which country it's located and in what type of economy, should first of all
meet the basic needs of these knowledge workers by providing the factors concerned (or
with easy access to them) so as to attract them to work in the park. In regard to the
ingredients for knowledge work, their importance is decided by the key function of
science parks, that is, assisting the growth of knowledge-based firms and knowledgeintensive activities. Knowledge-based firms, no matter whether they are based in
developed or developing countries, need a location with these ingredients in order to
keep their knowledge-intensive activities in motion. These arguments are supported by
the investigation within the context of the Singapore Science Park, Technology Park
Malaysia, and the Thailand Science Park. Findings are elaborated in the following two
parts. These are the quality of life and the ingredients for knowledge work.
(1). Quality of life
In reality, nearly all science parks have aimed to make available the best quality of

convenience (with sufficient auxiliary facilities concerning the basic necessities for b
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inside and outside the park), luxury (with good recreational facilities) and beauty (with
stylish buildings in a green environment). They help to present a science park as an
attractive working place for quality people, and similarly this has been found in the
context of the Singapore Science Park, Technology Park Malaysia and the Thailand
Science Park.
The Singapore Science Park is located in a city-state with convenient

transportation. It is surrounded by good housing, schools, sports facilities, a hospita

commercial center (Straits Times, 1991a). It is located in an area, prestigiously named
Technology Corridor, which has a high concentration of knowledge-based industries
comprising R&D companies, universities and R&D institutes and centers (Tan, 1993;
SSP, 2001). The Science Hub inside the Park provides a variety of social and

recreational amenities. Its S$2 million fitness club is Singapore's first mega-size fi
center spreading out over 11,580 square meters. It comprises swimming pool, tennis

courts, squash court, aerobics studio, fitness gymnasium, steam baths, Jacuzzi, billiar

room, deli-bar, two restaurants, an all-in-one convenience store offering travel, posta
photocopying, stationery, laundry as well as floral services (SSP, 2001; Foo, 1995).
Technology Park Malaysia is located in Kuala Lumpur, the national capital. It is
situated at the heart of the Multimedia Super Corridor, which is termed as Asia's

version of Silicon Valley (Einhorn & Prasso, 1999). The Park is near Putrajaya, the new
administrative capital housing a paperless government, and within proximity to the
continent's biggest airport (The Economist, 1997). It is wired by a good road system,
and surrounded by ample and varied housing, international hotels, commercial centers

and excellent recreational facilities such as the National Sports Complex, Bukit Jalil
Sport Center, golf and country clubs and a theme park (TPM, 2001).
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The Thailand Science Park is located immediately north of Bangkok, the capital,

where it is characterized by a healthy industrial environment, superior transportation
modes, easy accessibility, and a wealth of academic institutions (STRDP, 1995). It is
sited between the Asian Institute of Technology (AIT), an autonomous international

postgraduate institute, and Thammasat University (TU), a prestigious local university.

This enables the Park to be benefited by their facilities such as the AIT's golf cours

the TU Sports Complex with sports, recreation and housing facilities constructed for t

13th Asian Games in 1998 as well as its kindergarten, elementary school, and hospital.
Restaurants, shopping complexes and entertainment venues in the community are also
within easy access (NSTDA, 1999).
The study has found that this way of attracting knowledge workers by knitting
such a quality of life is also supported by the opinions of those park management
executives and tenant executives interviewed. Good basic infrastructure with these
elements that compose this quality of life both inside and outside a science park was
widely perceived important among them. It was suggested by 90 percent of the tenant
interviewees and over 60 percent of the park management interviewees, making it
ranked the top key factor they proposed (Table 6-5). As noted by park management

interviewees, a science park has to present itself as a pleasant place to work, and te
firms have to work near the infrastructure that their families need.
(2). Ingredients for knowledge work
The same as for the quality of life, those ingredients for knowledge work have
hardly been overlooked by any science park. Being within the proximity to one or more

universities could always be found in the description of the location of a science par

The purpose of this close location is to tap the well-trained labour force, the specia
facilities, and the expertise that are needed for the knowledge work of park tenants.
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This factor has also found to be the same for the Singapore Science Park, Technology
Park Malaysia and the Thailand Science Park. The Singapore Science Park is next to
the National University of Singapore and near other technical institutes such as the
Nanyang Technological Institute and the Singapore Polytechnic (Straits Times, 1982a
& b; Asian Finance, 1988). The location of Technology Park Malaysia enables it to be
near four national universities and eight research institutions in Kuala Lumpur (Abdul
Rahman, 1988). The Thailand Science Park is situated between the Asian Institute of
Technology, an autonomous international postgraduate institute, and Thammasaf
University, a prestigious local university.
Besides, being heavily equipped with R&D facilities and expertise is the common

strategy of these three parks. Specialized facilities in the Singapore Science Park ca
found in the Center for Information Technology, TeleTech Park, the Singapore Institute
of Standards and Industrial Research, the Institute of Microelectronics, and the
Information Technology Institute.
• The Center for Information Technology has three buildings specifically designed
for companies in the field of information technology. It provides access to panel
flooring with underfloor trunking for telecommunications and local area
networking connections and anti-glare lighting (SSP, 2001).
• TeleTech Park has cutting-edge infrastructure and test-bed facilities to meet the
needs of companies for telecommunications R&D (SSP, 2001).
• The Singapore Institute of Standards and Industrial Research is the earliest anchor
tenant of the Park. It initially was a government testing center for industrial
products, and it then took on the added task of providing R&D support for local
firms. It has a design and development center for new product development, a
food technology center for the development and packaging of new food products,
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a material technology center for the selection and evaluation of industrial
materials, and a metrology center (Asian Finance, 1988).
• The Institute of Microelectronics and the Information Technology Institute are
among the biggest research institutes in the country funded by the National
Science and Technology Board to support industry-driven research (Straits Times,
1993b). As anchor tenants of the Park, they provide the knowledge infrastructure
and research facilities for companies following them (Straits Times, 1993b, Tan,
1994; Toh, 1995).
Technology Park Malaysia was established to create and enhance business
success in such fields as information technology, multimedia, biotechnology,
biomedical technology, manufacturing processes, and advanced materials (TPM, 2001).
At present, the Park is equipped with IT & Multimedia Center, MASTER Center,
Biotech City and the Malaysian Institute of Microelectronic Systems.
• IT & Multimedia Center provides such related facilities as the Multimedia Lab,
the Multimedia Studio, Data Warehousing, and Server Co-Location (TPM, 2001).
• The MASTER Center has advanced manufacturing automation technology
facilities. It offers training courses in such fields as robot operation and design,
computer aided design and manufacturing, and a flexible manufacturing system
(TPM, 2001).
• Biotech City, which is under construction now, will comprise fully equipped- and
staffed- laboratories providing analytical testing and research in pharmacology,
biochemistry, toxicology, molecular biology, and food science (TPM, 2001).
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•

The Malaysian Institute of Microelectronic Systems ( M E M O S ) is the anchor

tenant of the Park1. Financed by the Malaysian government, MIMOS is charged
with helping to provide integrated circuits for Malaysia's internal needs, while
serving as an R&D center for Malaysian engineers and students (Carroll, 1997). It
provides the Park with access to the high bandwidth Internet connectivity, the
most advanced IT facilities of its kind in the country.
The Thailand Science Park will have three national research centers relocated into

the Park as anchor tenants. They are the National Center for Genetic Engineering and
Biotechnology (BIOTEC), the National Metal and Materials Technology Center
(MTEC), and the National Electronics and Computer Technology Center (NECTEC).
Each will house about 200 researchers in their new headquarters in the Park.
• BIOTEC houses a series of laboratories such as a biomaterial laboratory, a
bioresources research laboratory, a culture collection laboratory, a fermentation
technology and biochemical engineering laboratory, a food biotechnology
laboratory, a monoclonal antibody production laboratory, a mycology laboratory,
a protein - ligand engineering and molecular biology laboratory, a shrimp
biotechnology service laboratory, a shrimp DNA technology laboratory, an

animal cell culture laboratory, a bioassay research facility laboratory, a molecular
laboratory, and a plant cell technology laboratory (BIOTEC, 2001).
• MTEC has R&D facilities in the fields of multi-layer technology, advanced
structural ceramics, bioceramics, biomaterials, polymer chemistry, and plastic and
rubber engineering (MTEC, 2001).

1

M I M O S was established on 1 January 1985. It became a full-fledged department of the Ministry of
Science, Technology and Environment in 1990. In January 1995, M I M O S was appointed Secretariat to
the National IT Council. It was corporatised in November 1996 ( M I M O S , 2001).
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•

N E C T E C is equipped with facilities in thefieldsof network technology, highperformance

computing,

software

and

language

engineering,

computer

technology, telecommunications, and microelectronics ( N E C T E C , 2001).
The experience of the Singapore Science Park and Technology Park Malaysia, the
two established parks, effectively prove the strategy of providing easy access to R & D
facilities and expertise . Most tenant firms from these two parks are those involved in
thefieldsrelated to the technological strengths of these two parks (see T P M , 2001;
SSP, 2001).
In addition, the importance of these ingredients for knowledge work has also been
confirmed by the park management executives and tenant executives interviewed. 68
percent of the park management interviewees and 80 percent of the tenant interviewees
suggested advanced technological infrastructure as an important factor of a science
park. Such high frequency of referral makes it nearly the equal top factor in the list they
proposed (see Table 6-5). However, the study found that the key function of
technological facilities for these three parks is different from that reflected by the
literature from developed countries, more specifically, the U.S. For these three parks,
technological facilities are provided in order to meet the need of knowledge-based
tenantfirms.But in the U.S., they are expected to produce spin-offs and help to attract
more R & D firms (see Chapter 4).
In terms of related expertise assistance for tenant firms, technological support
was proposed by 42 percent of the park management interviewees. They suggested that
a science park should have the technological strength in the fields it targets so as to help
tenant firms as well as local industry compete in the international market. This idea was
supported by 15 percent of the tenant interviewees. Business expertise assistance was

2

Thailand Science Park has no tenants as yet.
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put forward b y one fourth of the park management interviewees. T o them,
technological entrepreneurs know technologies, but may not know how to run a
business, nor how to effectively commercialize their technologies. In addition, 42
percent of these park management interviewees and 10 percent of these tenant

interviewees suggested co-operation with universities and/or research institutions to b
important because these "institutions" are the sources for well-educated labour forces,
expertise and R&D facilities (see Table 6-5).
Apart from the above park location factors, 40 percent of the tenant interviewees
mentioned that the prestige and/or credibility available by locating in a science park
attractive to knowledge-based firms. The reason is that the name of "science" or
"technology" park provides the impression that firms inside are engaged in high-tech

activities. The present study agrees that such a prestige and/or credibility is importa

especially for small firms as they don't have the capacity to achieve this by themselves
However, the prestige and/or credibility to a great extent comes from these park
location factors rather than just the name science park. It is these favourite location
factors that present the quality of life and provide the ingredients for knowledge work

that compose an outstanding image of a science park, and create prestige and credibility
for firms located inside. Or in other words, the name "science" or "technology" park is
backed by the concrete contents of these park location factors. Therefore, the
knowledge-based firms' preference for prestige and/or credibility from a science park
further proves the importance of these park location factors.

6.2.2 Park preparation
Park preparation includes four KSFs for science parks in developed countries
proposed by the literature. They are familiarity with the market, a flexible physical
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layout, sufficient financial resources, and regulating tenants' activities for the park's

aesthetic quality (see Chapter 4). This study argues that these four factors are importa
for any science park no matter what type of economy it embraces. Familiarity with the

market is important for any project or investment as long as if is going to sell a produ
or service. A good market appraisal for a science park should identify not only the
potential market segments and factors attractive to them as suggested by the previous

studies (see Chapter 4), but also their property requirements because properties are par
of the major "products" of a science park.
The other three KSFs are important due to the key task of science parks, that is,
assisting the growth of knowledge-based firms and knowledge-intensive activities. A

flexible physical layout is the practical way of coping with the property requirements o
knowledge-based firms. As a firm's growth is a constant process and a science park
usually has various types of knowledge-based firms at various stages of development, it
is impossible for them to have a uniform property requirement. The properties offered
by a science park have to be various and flexible. Sufficient financial resources are

necessary for a science park because a science park itself needs to be up to standard in
every aspect in order to attract knowledge-based firms and knowledge workers and
assist them well. This can be challenging. It takes both money and time to have the

needed facilities built up. In addition, a science park cannot be profit-oriented as its
mission is to assist technological entrepreneurs. Naturally, the return of such an
investment is slow. Furthermore, a science park has to meet the needs of those
knowledge-based firms. Financial support is one of them. All these indicate that without
sufficient financial resources, it will be difficult for a science park to start up and

achieve success. As for regulating the tenants' activities for the park's aesthetic qual

this study argues that aesthetic quality is one of the key characters of a science park.
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is purposely created for knowledge workers (see Chapter 2). If the aesthetic quality
disappears, a park can no longer be a science park. Therefore, regulating the tenants'
activities is necessary. In reality, most science parks target assisting knowledgeintensive industries and activities. Labour-intensive activities and mass productions
usually excluded. This automatically eliminates the potential factors that may affect
aesthetic quality of a science park.
Investigation of the study in the context of the Singapore Science Park,
Technology Park Malaysia and the Thailand Science Park supports the above
arguments. Findings concerned are presented hereunder in three parts. Part one focuses
on two KSFs: familiarity with the market and a flexible physical layout. Part two and
three focus on the other two KSFs respectively: sufficient financial resources and
regulating the tenants' activities for the park's aesthetic quality.
(1). Familiarity with the market and a flexible physical layout
The study found that the Singapore Science Park provides a solid case for proving
the importance of these two KSFs, familiarity with the market and a flexible physical
layout. Historical information releases show that the Singapore Science Park had three
buildings when it was officially opened in early 1984. One was Det Norske Veritas
Marine Technology Center, a Norwegian service organization for shipping and offshore industry. It was officially opened together with the Park. The other two were
constructed by the Park, housing 12 starter units for companies that were too small to
build their own laboratories-cum-offices. Three starter units had confirmed tenants by
that time (Chew, 1984a; Business Times, 1984a & b; Straits Times, 1984b & c
&1988c).
These two blocks of starter units were 600 square meters each and costed
S$ 10,200 in monthly rentals. They were proved too large, and therefore, too expensive
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for most local companies. This was criticized as imposing an unnecessary financial
burden on tenant firms (Business Times, 1984b; Chew, 1984a; Wai, 1984). The Park

had to try to reduce the units' size (Chew, 1984a). The 12 starter units were eventual
changed into 16 units, and achieved full occupancy in mid 1986 (Tsang, 1986; Straits
Times, 1986).
With this lesson learnt, the second generation of starter units, another two blocks
constructed in 1986, were designed to have more flexible unit sizes, in 100 square
meter multiples, from 100 square meters to 800 square meters (Tsang, 1986)3. The
Innovation Center that was launched at the end of 1996 provides even smaller fully

equipped units ranging from 20 to 100 square meters catering for individual innovator
(Business Times, 1996b).
The above information reflects that the Singapore Science Park has experienced,

to a certain extent, a "learning-by-doing" way of physical development. If the Park h
been familiar with the market, especially the property requirements of its potential
tenant firms, at the very beginning, it would not have had to restructure its first
generation of starter units after they had been completed. On the other hand, if the
blocks of starter units had been designed to have internal flexibility rather than
uniformity, the Park would have had avoided the wasteful restructuring.
In terms of landscape, the Singapore Science Park has been progressing well as

the need for its development unfolds. After the Park opened with its first two starter
blocks, a further flexible development plan was decided upon, that would depend on
demand (Chew, 1984a). When Phase I achieved full occupancy, and there was

3

Other improvements include better heat insulation to reduce air-conditioning cost, a waste-discharge
system to cater especially for biotechnology companies' needs, an electric power supply three times
greater than the average requirements, lifts for goods and passengers and a c o m m o n lobby area to foster
better interaction (Tsang, 1986).
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continuing demand, Phase II was launched on 14 October 1993 (Straits Times, 1993b).
The last building of Phase II is planned to be up by the end of 2001 (SSP, 2001).
Compared with the Singapore Science Park, Technology Park Malaysia and the

Thailand Science Park have had a better beginning in terms of internal layout design
Both have flexible-sized units, which has allowed Technology Park Malaysia and will

allow the Thailand Science Park to avoid the trouble that the Singapore Science Par
has experienced. One reason is that these two parks were established later, and

therefore, have had a better chance to absorb the experiences of the other parks. In
addition, both have been assisted by international expertise.
Technology Park Malaysia has been assisted by a consultant from Australia under
the sponsorship of the United Nations Development Program (Abdul Rahman, 1988).
Phase I of the Park was completed in 1996. It has an Innovation House, an Incubator
Center, and an Enterprise House, which meet the tenants' various property
requirements. The Innovation House provides small modular units, 4,00 square feet

(about 37 square metros) each, ideal for individual innovators and scientists requir
an R&D base. The Incubator Center (with three buildings) has larger modular units
ranging from 2,500 to 3,000 square feet (about 232 to 279 square meters) for small

technology-based companies that require a complete office environment. Each unit can

be further divided into two smaller units of 1,250 square feet (about 116 square me
upon approval. The Enterprise House (with three buildings) provides large units

ranging from 4,500 to 5,000 square feet (about 418 to 465 square meters), which are
ideal for advanced companies.
The Thailand Science Park began with the study of parks in other countries such

as Australia (see Chapter 5). The U.S. Agency for International Development support

a group of U.S. and local experts for a landscape inspection in July 1992. This led
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finalization of the physical layout of park buildings and tentative laboratory spaces
(STRDP, 1995). Phase I of the Park, to be completed in early 2002, will offer readybuilt units ranging from 30 to 380 square meters. The multi-tenant building to be
constructed in the future is to provide units ranging from 240 to 650 square meters.
(2). Sufficient financial resources
The experiences of the Singapore Science Park, Technology Park Malaysia and
the Thailand Science Park reflect that their establishment and development cannot be
separated from the sufficient financial resources committed to them by their

governments. As presented earlier, these three parks are national projects serving th
countries' long-term economic development (see Chapter 5). Funds for park
establishment and development are from their governments. The development of the
Singapore Science Park was incorporated into the country's National Technology Plan
(1991-1995), which intended to propel the country from a NIC into the major league of
a world-class innovation-driven economy (Straits Times, 1991a & b). Technology Park

Malaysia is part of the $20 billion Multimedia Super Corridor, the brainchild of Prime
Minister Dr. Mahathir Mohamad, which is expected to help move the country's
economy away from labour-intensive agriculture and industry into high-value-added
goods and services (The Economist, 1997; Einhorn & Prasso, 1999; McGray, 1999).
The Thailand Science Park had its total 7-billion-baht budget approved by the
government in 1996 (four billion for construction, three billion for R&D equipment)
although an annual budget application is still needed in order to procure the money .
Without the commitment of their governments, none of these three parks could be
established and developed.

4

About 25 baht = US$1 before thefinancialcrisis started in the mid 1997. About 44 bant = 1US$ during
2000 and 2001 (Bangkok Bank, 2001).
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Knowledge-intensive activities can benefit a country's economy, but they are

usually too capital-intensive for individual firms and entrepreneurs. Without sufficie
financial resources, it will be difficult for them to conduct R&D activities, and will
result in limited demand for science park facilities. The experiences of the Singapore
Science Park and Technology Park Malaysia, the two established parks, reflect that

sufficient financial support is important for their tenant firms, and therefore, for t
park operations.
Firstly, the study found a positive relationship between financial support and the
numbers of R&D firms and science park tenant firms in Singapore. Singapore started to
encourage industrial R&D activities with a series of financial incentive schemes from
the end of the 1970s. They included the R&D Assistance Scheme launched in 1978 and
the Product Development Assistance Scheme, in 1979 (Zhang, 2000a). They were
followed by the Venture Capital Fund launched in 1985 (Business Times, 1985) and
more incentive schemes under the two five-year national technology plans (1991-2000)
(Zhang, 2000a)5. The numbers of R&D firms and science park tenant firms have been
increasing with the mounting of the country's incentives for R&D activities (see
Chapter 8).
The need for sufficient financial support of tenant firms also shows its importance
in the operation of the Singapore Science Park. In addition to those incentive schemes
from the government, the Park, in conjunction with the National Science and
Technology Board, established the Innovators Club in 1993. It links innovators with

venture capitalists, bankers and lawyers to provide the necessary ingredients that wil

5

The Venture Capital Fund, launched in 1985, has been assisting local companies to invest in n e w
technologies at concessionary interest rates. It also co-invests with local investors in n e w technological
companies in both Singapore and overseas 03usiness Times, 1985).
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bring an idea to the market (Business Times, 1993a). Besides, the Park also has Vertex,
a manager for a group of venture capital funds, located inside (SSP, 2001).
Technology Park Malaysia found that many of its high-growth tenant firms

required a considerable amount of financial support in order to develop their potentia

the fullest. The Park, therefore, established the Venture Capital Fund to meet this ne

The Fund is divided into three sub-categories, namely, the Start-up Fund, the Expansio
Fund, and the Mezzanine Fund, which assist tenant firms at three crucial stages. The

Start-up Fund targets embryonic tenants in their first phase of operation or those tha
have developed an innovative product, but require funds for commercial manufacturing
or sales. The Expansion Fund takes the form of additional working capital to assist

tenants in broadening their business ventures and secure a stable growth for continued

progress. The Mezzanine Fund is for tenants that expect to go for public listing withi
six months to one year from the time of funding (TPM, 1997).
These park management executives and tenant executives interviewed also

envisaged that sufficient financial resources for park development and tenants' growth
was important. Over half of them suggested government support critical for the
operation of a science park. Financial support for park establishment and development

and tenants' growth is an important part of it. Besides, financial support in the form
venture capital or funds for tenants' R&D or operation was proposed by one fourth of

them; competitive rate (for rental and services), another form of financial support fo
tenant firms, by 37 percent of the park management interviewees and one fourth of the
tenant interviewees. They share the same opinion that technological entrepreneurs
usually don't have enough money to start up and small firms don't have enough funds
for R&D. A science park should channel possible financial support from various
sources to tenant firms (see Table 6-5).
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(3). Regulating the tenants' activities for the park's aesthetic quality
Regulating the tenants' activities for the park's aesthetic quality has been found to

be an important principle embodied in the operations of these three parks under study.

All the properties they offer have been designed in accordance with their objective of
assisting knowledge-based firms and knowledge-intensive activities. No activities that
may pollute the environment are permitted. The Singapore Science Park, from its

inception, has been encouraging all industrial and scientific R&D activities to be loc

inside with the exception of those that are land-intensive or those that may pollute t
environment (Business Times, 1982a; Asian Finance, 1988). Priority is given to
applicants in such fields as chemicals and plastics, optical and laser technology,
industrial robots and automation, biotechnology, medical and scientific instruments,

advanced electronic development, product test and analysis services. Criteria screening
applications include (1) R&D budget as a proportion of the total operating budget and
the actual amount of R&D work; (2) the ratio of non-degree holders to degree holders
and the number of Masters and Ph.D. holders; and (3) the capital intensity and
technology content of a project (Asian Finance, 1988). Technology Park Malaysia
targets the promoting of knowledge-based industries. It leans heavily towards
encouraging high-tech companies focusing on such fields as information technology
and multimedia, biotechnology and biomedical technology, manufacturing processes,
and advanced materials (TPM, 1997). The entry of traditional industries that could be
land consuming or produce pollution has been refused. The same as the above two
parks, the Thailand Science Park will accept all knowledge-based firms and knowledge-

intensive activities. It is foreseeable that there will be more tenant firms involved i

technological fields that are related with those of the three national research centers
anchor tenants of the Park. They include biotechnology, material technology and IT.
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Without an aesthetic quality, a science park can hardly attract knowledge-based

firms and knowledge workers, and therefore, tenant activities have to be regulated. Thi
argument was supported by the tenant executives and park management executives
interviewed. A campus-like environment was proposed as a factor attractive to

knowledge-based firms by 45 percent of the tenant interviewees; prestige/credibility, b
40 percent. These two factors cannot be separated from park aesthetic quality. In
addition, park management interviewees (16 percent of them) suggested that a science

park should have strict criteria for tenant selection. They emphasized that a science p
should target R&D activities for tenant selection. Unlike traditional industries and

labour-intensive activities, these activities won't usually affect the existing environ
of a science park (see Table 6-5).

6.2.3 A professional management team
There is only one KSF in this category. It is a highly professional and fully
committed management team. The present study suggests that this KSF is universally
effective for all science parks no matter in what type of economy they are. Favourite
location factors are the prerequisite for a science park to attract potential tenants.
concerning park preparation are the right means for park operation. The park
management team is the active factor making use of the prerequisite and the means to

create values for their tenant firms. Science parks processing the same favourite locat
factors and KSFs for park preparation can create a different amount of values. There
should be no doubt that a highly professional and fully committed management team is
critical for the successful operation of a science park.
Investigation of the study supports the above argument. The development of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park
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shows that having a highly professional and fully committed management team tends to
be the natural evolving direction of science park operations. All these three parks
experienced such a change, i.e. starting from a unit or department of a government

organization and moving towards privatization or corporatisation. The later a park is
established, the quicker it tends to carry out the change. The management of the

Singapore Science Park was privatized in 1990, six years after the Park was officiall
opened. Technology Park Malaysia was corporatized in 1996 when the park site was
ready for operation. The Thailand Science Park has been preparing for its management

company before it opens to the public. Privatization or corporatisation enables the p

management to have more authority and freedom for their operation, especially for the
manpower recruitment. Establishing a fully committed and competitive management

team, therefore, is only a matter of time. Such an evolving trend concerning the styl

science park management organizations reflects the requirement of this type of projec
for a proper management system. Findings concerned are as follows.
The Singapore Science Park had been within the responsibility of various
government organizations before the management was privatized in 1990. The first
organization was the Jurong Town Corporation, a statutory board created in 1968 to
oversee the industrial premises in the country (JTC, 1999). It had been in charge of
park's physical development and management until the Park was officially opened in
early 1984 (Straits Times, 1982b; Chew, 1984a; Business Times, 1984a). Tenant
selection during this period was conducted by an admissions committee composed by
representatives from the National University of Singapore, the Economic Development

Board, the Jurong Town Corporation, the Singapore Institute of Standards and Industri
Research, and the Science Council. The Economic Development Board served as the

secretariat of the committee, and was also responsible for park promotion (Keng, 1982)
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W h e n officially opened on 17 January 1984, the Park came under the wing of the
Economic Development Board, which assumed the overall responsibility for the

planning, promotion and administration of the Park. It was envisaged that the Board's

network of international offices with its international contacts was well placed to h
overseas promotions. Dr. Vincent Yip, head of Advanced Technology and R&D of the
Board, was the administrator of the Park. He worked within the Board, but was also in

liaison with the Jurong Town Corporation and other relevant authorities in the runnin
of the Park (Chew, 1984a; Business Times, 1984a).
About three months later, in April 1984, the Science Council of Singapore took

over the responsibility of running the Park, and relocated into the Park late that ye
The Council set up three units for its three tasks: managing the Science Park,
overseeing the R&D Assistance Scheme, and building up a scientific culture in
Singapore and a network of expert advisers outside the country. The Science Park unit

was responsible for attracting suitable tenants, park administration, the establishme

common facilities and services for tenants, and acted as the secretariat to the admis
committee (Lee, 1984; Loh, H. Y., 1984). The admissions committee for tenant
selection at this time was made up of the CEOs of the Science Council, the Economic
Development Board, and the Singapore Institute of Standards and Industrial Research
(Asian Finance, 1988). The National University of Singapore and the Jurong Town
Corporation were no longer in the list.
At the end of the 1980s, the Science Council was expanded and upgraded into the
National Science and Technology Board, a statutory board (Straits Times, 1990a). It
served as a co-ordinating mechanism to draw up and implement the first National
Technology Plan (1991-1995) (Straits Times, 1990b; Rajendran, 1991). Meanwhile, the
management of the Singapore Science Park was privatized in order to make it more
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responsive to market conditions and the needs of R & D companies (SSP, 2001).
Technology Parks Pte Ltd, a private subsidiary of the Jurong Town Corporation, was

formed in early 1990 to manage the Park as well as Ang Mo Kio Industrial Park I, II,
and III, all flatted factories built by the Jurong Town Corporation (Business Times,
1994).
In April 1997, Technology Parks Pte Ltd changed its name into Arcasia Land Pte

Ltd to underpin its ongoing growth. Arcasia is a synthesis of the words "Arcadia" and

"Asia". "Arcadia" means an ideal place, which refers to the total environment it crea
for its customers. Asia is the focus of its operations. Arcasia has been actively

expanding its presence as a regional property developer. Joint-venture technology pa
developments are already underway in India and Indonesia, with other opportunities
being explored in the region (Arcasia, 2000).
Technology Park Malaysia started in 1988 as a department in the Ministry of

Science, Technology and Environment. Eight years later, in 1996, the present park si
opened with the completion of its Phase I construction. Meanwhile, the management of
the Park was corporatised. This has allowed the park management to have more
freedom and authority for its operations in such areas as recruitment and salary
arrangement.
The Thailand Science Park is one of the units in the National Science and
Technology Development Agency, an autonomous funding and research organization in
the Ministry of Science, Technology and Environment. It was decided in 1998 that a
management company would be set up for park operation. Joint venture proposals have
been received from countries such as Canada, England, Ireland, Japan and the U.S.
Apart from the above, this study has found that the importance of a highly
professional and committed management team for a science park operation has also
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been confirmed by those park management executives and tenant executives
interviewed. One fourth of park management interviewees suggested a strong park

management team important for a park to achieve success. In their opinion, a park must

have a very strong leader to apply the right strategies in order to achieve its object
They proposed a high standard for a park management team. For example, the leader
should be outstanding in both academic achievement and professional management
skills. The members of the management team should also be knowledge-based in order
to provide good services to park tenants and be able share knowledge with them. And
park management should create more values for tenant firms. Many other KSFs the

interviewees proposed also relate to the professional skills of a park management team
They include effective marketing, suggested by over half of the park management

interviewees and 20 percent of the tenant interviewees; and a strategic plan, by nearl

one third of the park management interviewees. In addition, tenant executives expected
park management to facilitate their internal co-operation among tenant firms and

external co-operation with other science parks as well as being able to provide a quic
response to tenants' needs including secretarial services. Park management
interviewees suggested co-operation with universities and/or research institutes as
important for a science park operation (see Table 6-5). Obviously, only a highly
professional and fully committed management team can meet these requirements
effectively. As a senior Thai executive mentioned: "The management system is very
important. If there is no good management, forget it".
The above findings indicate that all the KSFs for science parks in developed

countries proposed by the literature are also important in the context of the Singapor
Science Park, Technology Park Malaysia, and the Thailand Science Park. During the

investigation, the study found a factor critical for these three parks, which is hardl
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mentioned b y the literature from developed countries. This finding is presented in the
next part.

6.2.4 A developing country specific KSF
While investigating these science park KSFs reflected by the literature from
developed countries, this study found a factor, government support, very important in
the context of the Singapore Science Park, Technology Park Malaysia and the Thailand
Science Park. Over half of these park management executives and tenant executives
interviewed by the study suggested that government plays an important role in a

science park operation. Such a high frequency of referral has ranked it the third high
among all factors they proposed (see Table 6-5), but it is hardly emphasized by the
literature from these developed countries.
According to park management interviewees, government could play multifunction roles significantly influencing the establishment, development and
management of a science park. They would include providing an attractive park site;
providing financial support for park establishment and development; channeling firms

to locate into a science park through incentives and support; and providing tenants wi

access to public research bodies. In the opinion of these tenant interviewees, incenti
and support concerning tax, grants, and special status provided by government are very

attractive to knowledge-based firms. In contrast, only one study among the science park
management literature from developed countries mentions "government" (once) as an
element contributing to a warm and welcoming atmosphere for scientists and
entrepreneurs to feel at home (see Chapter 4). Such a different degree of emphasis on
the role of government led the study to further examine the functions of government in
the context of the Singapore Science Park, Technology Park Malaysia and the Thailand
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Science Park. T h e result supports the suggestions of the interviewees. The study,
therefore, proposes government support as a developing country specific KSF.
The analysis in Part 6.2.1 and 6.2.2 of this chapter about the KSFs, park location
factors and sufficient financial resources, reflects that two of the above four
government functions suggested by the interviewees can be confirmed. They are
providing access to public research bodies and providing financial support for park
establishment and development. The following part, therefore, focuses on the other two
functions of government: providing land for park establishment and channeling firms to
science parks.
Providing land for park establishment - The study found that the land for each of
these three parks was either provided by its government directly or secured with the
assistance of its government. The Singapore Science Park took the possession of the
six-hectare Singapore Armed Forces' Transport Base headquarters at Ayer Rajah Road
for its Phase I development (Strait Times, 1985). The government gazetted 9.2 hectares
of private land in Pasir Panjang and committed 12 hectares of state land for the
development of Phase II of the Park (Business Times, 1982b). Technology Park
Malaysia is part of the Multimedia Super Corridor, a national development project.
Other parts composing the 750-square-kilometer Corridor include a new administrative

capital, Putrajaya, an intelligent city called Cyberjaya, two telesuburbs, a multimedia
university, and an intellectual-property protection park (The Economist, 1997). The
Thailand Science Park secured the 32-hectare piece of land that had already been
allocated to the Asian Institute of Technology and Thammasat University for their
campus development. No organization other than their governments could have had

such authority and influence to enable these three parks to become established on their
present sites.
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Channeling firms to science parks - The study has found that the governments of
Singapore, Malaysia and Thailand have been committed to channelling firms to their
science parks. Measures used include arranging an R&D funding agency to administrate

and/or locate in their parks and providing special status with various incentives fo
tenant firms. As these parks also offer competitive rental for their high quality

properties equipped with advanced technological and auxiliary facilities, such measu
would surely lead knowledge-based firms into the parks.
The Singapore government has been arranging its R&D funding organizations

either to administrate the Singapore Science Park or to be the Park's anchor tenants.
The earliest funding organization was the Economic Development Board, which
administered all incentive schemes for industrial R&D. They included the R&D
Assistance Scheme, the Product Development Assistance Scheme and other tax and
cash incentives for R&D projects (Straits Times, 1983b)6. The Board started managing
the Park when the Park was officially opened. The second R&D funding organization
was the Science Council. When the Science Council became the park administrator in
1984 after the Economic Development Board, overseeing the R&D Assistance Scheme

became part of its responsibility (Loh, H.Y., 1984). At the end of the 1980s, the Sci
Council was expanded and upgraded into the National Science and Technology Board.
From various ministries and government bodies, it took over the role of central

authority for research funds (Straits Times, 1990a). Although it was no longer the pa

administrator, it became the anchor tenant of the park. Besides, the Singapore Scien
Park has been providing very competitive rental for its high quality properties (see
Chew, 1984a; Wong 1991; Straits Times, 1992b; Business Times, 1996b; Straits Times,

6

See Chapter 5 for details about the R & D Assistance Scheme and the Product Development Assistance
Scheme.
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1996a). All these naturally m a k e the Park a place often visited by knowledge-based
firms and entrepreneurs, and eventually it became a location for their ventures.
In Malaysia, the government has adopted a range of policies to stimulate the
growth of technology and knowledge-based industries and encourage related
investments. Incentives have been designed to ensure the long-term viability of
companies planning to locate in the Multimedia Super Corridor (MSC). MSC-status has
been created for this purpose, which grants companies located inside the MSC with a

series of incentives, both financial and non-financial. Tenant firms of Technology Par
Malaysia are also granted with the MSC-status as the Park is part of the MSC.
Financial incentives for MSC-status include a five-year exemption from
Malaysian income tax (renewable to 10 years) or a 100 percent Investment Tax
Allowance on new investments, duty-free importation of multimedia equipment, and
R&D grants for local small and medium-size enterprises. Non-financial incentives
include unrestricted employment of foreign knowledge workers, freedom of ownership,

freedom to source capital globally for MSC infrastructure and the right to borrow fun

globally, globally competitive telecommunication tariffs and service guarantees as wel
as high class physical infrastructure concerning IT, planned urban developments,

educational facilities including the region's first Multimedia University, and a green
environment protected by strict zoning (TPM, 1997). MSC-status has been helpful in
attracting companies to Technology Park Malaysia. This was confirmed by the tenant
executives interviewed in the present study.
The situation for the Thailand Science Park is similar to that of the Singapore
Science Park. The government arranges an R&D funding organization, the National
Science and Technology Development Agency (NSTDA), as Park administrator and
anchor tenant. NSTDA, established in 1991, is an autonomous funding and research
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organization under the Ministry of Science, Technology and Environment. It offers
financial support for R&D and engineering in areas focused by the three national
research centers under its umbrella, namely, the National Center for Genetic
Engineering and Biotechnology (BIOTEC), the National Metal and Materials
Technology Center (MTEC), and the National Electronics and Computer Technology
Center (NECTEC)7 (NSTDA, 1999).
The NSTDA Central Office provides various programs that assist the private
sector in its technology-oriented activities so as to promote the development of
industries. The Company Directed Technology Development Program provides
financial support, in the form of grants and low-interest loans, to enable private
companies to invest in the development of new products or new production processes,

building or improving laboratory facilities and upgrading technologies. The Industri
Consultancy Services Program helps source both local and international experts and

provides financial assistance to the industry for the purpose of solving technologic
problems. Support from the Technological Assessment and Mastery Program facilitates

the process of technology transfer by either bringing in foreign technologies or hel
local companies go abroad to look for technology resources (NSTDA, 1999). NSTDA
is surely an attractive organization for knowledge-based firms. With NSTDA as the
anchor tenant of the Thailand Science Park, the Park's high quality properties that
offered at a competitive rate will be easily aware of and selected as the business
location for knowledge-based firms.
The experiences of the Singapore Science Park, Technology Park Malaysia and
the Thailand Science Park indicate that their governments have been playing an

7

The three national research centres were established earlier than NSTDA. BIOTEC was
1983, M T E C and N E C T E C in 1986. They used to be under the Ministry of Science, Technology and
Environment, and became part of N S T D A in 1991 when N S T D A was established (BIOTEC, 2001;
M T E C , 2001; NECTEC, 2001; NSTDA, 2001).

178

Chapter 6. An Investigation on Science Park Management Strategies

important role influencing their park establishment, development and management. A s
a Malaysian executive stated: "Without government support, there is no science park".
Government support for their science park reflects their commitment to science and
technology and the expectation they put on them for their economic development. In
terms of the management of a science park, a Thai senior executive suggested that only
by encompassing a science park into national policy, can the park achieve success: "If
you look at the science park as another big project, I don't think it will or can be
successful by itself.
The above findings reflect that while all the KSFs for science parks in developed
countries proposed by the literature are appropriate in the context of the Singapore
Science Park, Technology Park Malaysia and the Thailand Science Park, there are also

other factors that are critical for them. They are the support and assistance from vari
sectors, which can meet the needs of these parks in various aspects of their
establishment, development and management. Government is necessarily the key sector
in creating and monitoring such a supportive environment for its science park
established to encourage the development and application of science and technology for
the benefit of economic development. Experiences within the above three parks suggest

that such a supportive environment is so critical as to directly influence their succes
establishment and development. This implies that while some management strategies
are common for science parks irrespective of the status of a country's economic
development, some are not. Both government and a park's management team as well as
macro environment and micro management strategies play a significant role in
accounting for the success or failure of science parks in developing economies. This
leads to the conclusion that the effectiveness of science park management strategies
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used in developed countries for a park in developing country depends on the nature of
the broader macro level approach to science park management.

6.3 Summary and conclusion
This chapter investigates whether the KSFs for science parks in developed
countries reflected by the literature are appropriate in the context of the Singapore
Science Park, Technology Park Malaysia and the Thailand Science Park in order to test
the first hypothesis of the study. The hypothesis is that micro-managerial strategies
science parks in developed countries are applicable to science parks in developing
countries as long as they are of the same type of scheme, however macro requirements
for their successful operation may be different (Hypothesis 1). The findings from the
investigation support this hypothesis, and therefore, lead to the answer to the first
research question of the study: Are the management strategies for science parks in
developed countries appropriate for science parks in developing countries?
The investigation was conducted with in-depth case studies on the Singapore
Science Park, Technology Park Malaysia and the Thailand Science Park and interviews
exploring the insights of park management executives and tenant executives. The
information from the park management executives is drawn from their perceptions of
the management strategies that lead to the success of a science park; and that drawn
from tenant executives concerns the needs and/or expectations of knowledge-based
firms from a science park. Suggestions provided by the interviewees reflect that good

basic infrastructure, advanced technological infrastructure, and government support ar
the top three factors that have been widely envisaged as important by both park
management executives and tenant executives. Among managerial skills, marketing was
the concern of most management interviewees. A strategic plan, a strong park
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management team, and strict criteria for tenant selection were also suggested as
important. Support and services such as technological support, financial support
(including competitive rate), business expertise assistance, a secretarial service,
universities facilities and programs were all considered necessary for knowledge-based
firms, but this doesn't imply that all of them need these support and services

continuously. Prestige/credibility and a park's internal co-operation tend to be attracti
to more knowledge-based firms than various support and services.
The result of the investigation indicates that all three categories of science park

KSFs reflected in the literature from developed countries are also critical in the context
of the Singapore Science Park, Technology Park Malaysia and the Thailand Science
Park. Key findings are summarized as follows.
Park location factors - Factors in this group include those composing the quality
of life and the ingredients for knowledge work. Factors concerned, such as a good basic
infrastructure, advanced technological facilities and co-operation with universities and
research institutes were widely envisaged important by those park management
executives interviewed. Those tenant executives interviewed shared the same opinion
although not as many of them proposed co-operation with universities and research
institutes to be the need of knowledge-based firms. In-depth studies of these three parks
found that these parks have been endeavouring to be equipped with these location
factors. For example, they selected a park site with as many of these favourite location

factors as possible and also created related factors in order to give themselves a quality
of life characterized by convenience, luxury and beauty. In addition to being close to
universities and research institutes so as to tap their well-trained labour force,
specialized facilities and expertise, they also possess in-park technological facilities
expertise. All these factors prove effective in attracting knowledge-based firms.
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Park preparation - K S F s in this group include familiarity with the market, a
flexible physical layout, sufficient financial resources and regulating the tenants'
activities for the park's aesthetic quality. The Singapore Science Park, which has the
longest history among the three parks, provides concrete examples suggesting that being
familiar with the market and having a flexible physical layout are the correct ways to

manage a science park. This conclusion is also supported by the experiences of the other

two parks. Sufficient financial resources cannot be separated from the establishment an
development of these three parks, which have been funded by their respective national
governments. Besides, the experiences of the Singapore Science Park and Technology
Park Malaysia, the two established parks, indicate that financial support or incentives
are important for the growth of knowledge-based firms. As for regulating the tenants'

activities for the park's aesthetic quality, the study found that these three parks pro
properties purposely designed for knowledge-based industries. No labour-intensive and
material-intensive activities from traditional industries and no activities that could
pollute the environment have been permitted. Regulating the tenants' activities for the

park's aesthetic quality is actually embodied in these parks' operations. In addition, t
importance of the last two KSFs, namely, sufficient financial resources and park
aesthetic quality, has also been confirmed by the opinions of these interviewees.
A professional management team - The experiences of these three parks reflect
that having a highly professional and fully committed park management team is the
natural direction for their evolution. The transformation from being part of a
government organization to becoming an independent management organization
characterizes their development. In addition, the opinions of these park management
executives and tenant executives interviewed also support the importance of this KSF.
They proposed high standards for a park management team, such as a leader who would
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be outstanding in both academic achievement and professional management skills; a
knowledge-based team providing good services to tenant firms and sharing knowledge
with them; a management style conductive to active marketing and promotion, creating
more values for tenant firms, providing a quick response to tenants' needs and
promoting internal co-operation among tenants as well as external co-operation with

related sectors such as universities, research institutes and other science parks. All t
demand the work that only a highly professional and fully committed park management
team has the capability to produce.
Apart from the above, the study found that government support is a developing
country specific KSF. It was widely envisaged as important by these park management

executives and tenant executives interviewed. In-depth studies of the Singapore Science
Park, Technology Park Malaysia and the Thailand Science Park also confirm the
critical role of government that the interviewees suggested. This includes providing
assistance in securing a proper park site, providing financial support for the
development of both park and knowledge-based firms, and providing access to public
research bodies. Without the strong support of their government, none of these parks
could be established and developed. However, the literature about science park
management from developed countries hardly reflects the importance of government in
their science park operations. This implies that while science park management
strategies of parks in developed countries are applicable to parks in developing
countries, the macro requirements for a successful science park management in
economies at different stages of development will differ. Both government and a park
management team as well as the macro environment and micro management strategies

they create play a significant role in the performance of a science park in a developing

oriented economy. The study, therefore, suggests that the effectiveness of science park
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management strategies in developed countries when applied to a park in a developing

country will depend on the nature of the broader macro level approach to science pa
management.
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Chapter 7
An Investigation on the Fertile Environment for Spontaneous Industrial Clusters

This chapter addresses the second research question of the study: Can the factors
enhancing the development of spontaneous industrial clusters be used to effectively

guide the management of science parks in developing countries? In particular, it focuse

on the second hypothesis, one of the two hypotheses designed for this research question
that the fertile environment for the development of spontaneous industrial clusters
proposed by the literature is able to play a guiding role in the management of science
parks in developing countries (Hypothesis 2). The investigation was conducted by
examining whether the ingredients that constitute such an environment proposed by the
literature (Porter's "diamond" model) are appropriate KSFs in the context of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park, the

three parks selected for in-depth case studies. In addition, the study interviewed thei
park management executives in order to explore what should be the related and

supporting industries and/or sectors of science parks. This information is needed for t

investigation of "related and supporting industries", one of the determinants of Porter
"diamond" model. In addition, some findings presented in previous chapters are also
applied to the analysis. They include the findings from the comparison between the
ingredients of Porter's "diamond" model and science park KSFs nominated by the
literature from developed countries (see Chapter 4) and the findings from the

investigation for the first hypothesis and the first research question concerning scien
park management strategies (see Chapter 6).
The result of the investigation indicates that four of the six ingredients of Porter's
"diamond" model can be KSFs in the context of the three science parks under study.
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Another one targets therightaspect, but needs to be strengthened with a more concrete
content in order to make it an effective KSF for science parks. Only one ingredient
appears irrelevant. The hypothesis is supported to a great extent.
The investigation also confirms the previous findings that both government with
the macro environment it creates and a park management team with the management
strategies it formulates play a significant role in the performance of a science park
developing oriented economy (see Chapter 6). It provides more examples suggesting
that a park's success in a developing oriented economy depends on the effective
interactions of the national policy framework and the management within the science
park itself.
The findings concerned are presented in the following five parts, one for each of
the four determinants of Porter's "diamond" model, which are "factor conditions",

"demand conditions", "related and supporting industries", and "firm strategy, structure
and rivalry"; and one for the two variables, "chance" and "government".

7.1 Factor conditions
"Factor conditions" of Porter's "diamond" model for a fertile environment for the

development of spontaneous industrial clusters refer to a nation's position in factors
production, which include human resources, physical resources, knowledge resources,

capital resources and infrastructure. Porter (1990) suggests two distinctions for them
They are basic versus advanced factors and general versus specialized factors (see
Chapter 4). Such a connotation is broad enough to cover all the factors needed by any
industrial cluster.
The comparison between the six ingredients of Porter's "diamond" model and the

three groups of KSFs for science parks in developed countries proposed by the literatu
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indicates that "factor conditions" of Porter's model include science park location
factors. Science park location factors, i.e. those that compose the quality of life desired
by knowledge workers and the ingredients for knowledge work, orient to specialized
and advanced factors as well as high quality basic and general factors1. A s the
investigation within the study has already found that all the K S F s for science parks in
developed countries proposed by the literature are also critical in the context of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park (see
Chapter 6), it is logical, therefore, to conclude that "factor conditions" of Porter's
"diamond" model can be a K S F in the context of these three parks of this study.

7.2 Demand conditions
Porter (1990) suggests "demand conditions", one of the six ingredients of his
model, to have three broad attributes. They are the composition (or nature of buyer
needs) of h o m e demand, the size and pattern of growth of h o m e demand, and the
mechanisms by which a nation's domestic preferences are transmitted to foreign
markets. A favourable demand condition is one with a large number of sophisticated
and demanding buyers; demand with rapid growth, early saturation and anticipation of
international needs; and having mobile and international local buyers (see Chapter 4).
The present study argues that the above favourable demand conditions are
favourable for any industry as long as there is a product or service to sell. The
performance of science parks is also closely related with their demand conditions as
they have their "products", which are properties (leased) and services. However, as
most science parks are supply-pushed schemes (see Chapter 2), typically their demand
conditions are not rosy at the initial stage. Stimulating demand so as to create and

1

See Chapter 4 for the definitions of basic versus advanced factors and general versus specialized factor
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enlarge their market segment is a key issue for science parks; otherwise they will have

limited tenant firms, and cannot function well. In this sense, science parks turn out t
"live" on knowledge-based firms and knowledge-intensive activities. The investigation
of the study in the context of the Singapore Science Park, Technology Park Malaysia,
and the Thailand Science Park supports the above argument. In addition, the almost
two-decade experience of the Singapore Science Park provides a complete picture
showing the importance of national efforts in stimulating and encouraging knowledgebased industries for the performance of the Park. A positive relationship between them
has been found. The experiences of Technology Park Malaysia and the Thailand
Science Park also support such a relationship. Details about these findings are as
follows.

Demand for the Singapore Science Park
The Singapore Science Park was proposed in the late 1970s to assist the country's

shift from labour-intensive industries to knowledge-intensive industries (see Chapter
When opened on 17 January 1984, the Park could boast six tenants although only one
moved in, which was Det Norske Veritas Marine Technology Center, a Norwegian
service organization for shipping and off-shore industry. The other five included the
Singapore Institute of Standards and Industrial Research, the National Computer Board
and three confirmed tenants in the starter units2. They took up 30 percent of the 25-

2

The Singapore Institute of Standards and Industrial Research, the anchor tenant of the Park, was
relocated into the Park in 1986. Its S$60-million n e w premises in the Park spread across 3.25 hectares of
land housing workshops, laboratories, research centers and administrative staff (Loh, G. Y., 1984). The
National Computer Board ( N C B ) officially opened the N C B Building on Sept. 1, 1988. It is constructed
on a 4,000 square meter area with 15,317 square meter total built-in area spread over a four-story main
block and two split-level basement car parks. In addition to housing all the headquarters staff of the N C B ,
the offices of the Singapore Federation of the Computer Industries and the Singapore Computer Society,
the building is used by IT companies for seminars, exhibitions and product announcements (Straits
Times, 1988c).
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hectare useable space of Phase I. The government had some stake in three of these five
tenants (Chew, 1984a; Business Times, 1984a & b; Straits Times, 1984b & c &1988c).
Such a progress of tenant intake was criticized for being slow although it had
fallen within original estimates of the park management, who regarded the Park as a
long-term project, not a piece of real-estate to be quickly sold (Tsang, 1984; Chew,
1984a; Business Times, 1984a & b). 1987 saw the number of tenant firms swell. It
reached 40 by the end of 1988. Since then, the demand for admission to the Park has
picked up and become very strong. Although 11 tenant firms left during the financial
crisis in 1998, 60 new firms located in in the next year. The total number of tenant
reached 307 in 2000 (Table 7-1). The study found that the growth of the number of

tenant firms in the Singapore Science Park was closely related to the demand situatio
in the country and to the national efforts in stimulating and encouraging knowledge-

based industries and technological entrepreneurs. Findings concerned are divided into
three periods: before 1990, 1991-1995 and 1996-2000.
Before 1990: Singapore's initial industrialization started in the 1960s was labour-

intensive oriented in order to create jobs. R&D activities had been very limited by t
end of the 1970s (Business Times, 1989b). During the first seven years of the 1970s,
only 12 patents were registered by Singaporeans at the local office3 (Business Times,
1978). In 1978, about 0.2 percent of GDP was spent on R&D. Only 2.5 percent of the
8,000 scientists and engineers were engaged in R&D. Most of them worked in
universities (Straits Times, 1979). It was the tight labour market and the increasing

labour costs brought about by industrialization that forced Singapore into restructur
her economy at the end of the 1970s in order to move away from labour-intensive

3

Before 23 February 1995, Singapore followed the U.K. Patent Act. Patents had to be filed first with t
European or the U.K. patent offices, followed by re-registration in Singapore (Hsung, 1981; Business
Times, 1992b; Straits Times, 1995a & b).
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Table 7-1. Intakes of park tenants (the Singapore Science Park)
Year

1982
1983
1984
1985
1986
1987
1988
1989
1990

No,.of

N e w tenants
tenants No. Average

1
2
7
9
12
25
40
46
67

2
1
5
2
3
3
15
6
21

10

Year

No. of
tenants

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

75
95
102
117
148
166
226
215
276
307

N e w tenants
No.
Average

8
20
7
15
31
18
60
-11
60
31

16

32

Source: The number of tenants each year is from SSP (2001).

industries (Chew, 1984b; Chng, 1987; Grunsven & Egeraat, 1999). This led to the
"Second Industrial Revolution" launched in 1980, which was to gear the

manufacturing sector to productivity-driven growth and higher value-added activitie
(Yeo, 1998; Grunsven & Egeraat, 1999; SEDB, 2000). The thrust was towards the
exploitation of new technologies (Lum, 1988).
Together with this move was the formulation of a series of incentives for
knowledge-intensive activities. The R&D Assistance Scheme launched in 1978 was

allocated S$50 million in 1981 for a five-year period. Participation from the privat
sector was initiated. One of the main criteria was the projects' clear prospects of
commercialization (Business Times, 1981a; Straits Times, 1983b; Gwee, 1983). The
Product Development Assistance Scheme set up in 1979 to induce smaller local
companies' R&D had new features. It allowed companies to apply for funds to do

feasibility studies and to buy technologies for product development (Business Times,
1980b; Chng & Tong, 1987). However, in the mid-1980s, not long after this first
national effort to stimulate industrial R&D, the country found herself in a severe

economic recession, which was caused by overshot wages and higher business costs. It
was coincident with a worldwide economic slowdown (SEBD, 2000). The demand for
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the R & D facilities of the Singapore Science Park could hardly be strong at this time.
The Park had only nine tenant firms by 1985, when the park had been officially opened
for about one year (see Table 7-1).
The economic recession led to the government setting up new directions:
establishing the country as a Total Business Center. In addition to high value-added

manufacturing, the service sector was also targeted as the main growth area, particul
financial and business services and non-production activities such as R&D, logistics
management. Low value-added and labour-intensive activities were guided out of the
country (Grunsven & Egeraat, 1999). In addition, the government spelt out three goals
for Singapore's technology policy: to get all industries to exploit and apply new

technologies; to build up competence in targeted new fields; and to move into selected
high-tech manufacturing (Chng, 1987)4.
As a result, investment in manufacturing after the mid-1980s moved towards the
high-end of activities in existing industries and initiatives in new-technologically
advanced industries (Grunsven & Egeraat, 1999). The number of firms undertaking
R&D grew from 63 in 1978 to 264 in 1990. Gross expenditure on R&D (GERD)
increased to 0.9 percent in 1990. The proportion of private sector R&D reached 62
percent of the total national amount (Straits Times, 1991b). The number of research

scientists and engineers (RSEs) per 10,000 workers increased from 0.84 in 1978 to 28.6
in 1990 (Table 7-2). Such an enlarged base of knowledge creation and application
within the country explains the pick-up demand for the facilities of the Singapore

Science Park since 1987. The number of park tenants increased from 25 in 1987 to 67 in
1990 with 10 intakes every year on average during the second half of the decade (see

4

The priority sectors and new areas with a view of five to 10 years were: robotics, information
technology/artificial intelligence, communications technology, laser technology/electro-optics,
biotechnology/biological science, and micro-electronics (Straits Times, 1987b).
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Table 7-2. R & D in Singapore (1978 - 1990)
Year

GERD

% of GDP
1978
0.21
1981/82
0.26
1984/85
0.54
1987/88
0.81
1990
0.90
Source: Zhang (2000a).

S$(M)

38
81
214
375
572

RSEs/10,000
Workers
08.4
10.6
20.2
26.8
28.6

Table 7-1).
1991 - 1995: Singapore's technology drive was put into full gear in the 1990s,

and was inaugurated by the launch of the first five-year National Technology Pla

(1991-1995) in 1991 (Straits Times, 1991c). It aimed by 1995 to develop the coun

into a center of excellence in selected fields of science and technology so as t

national competitiveness, and propel the country from a newly industrializing ec

into the league of world-class innovation-driven economies (Straits Times, 1991c

The Plan set the direction of R&D towards boosting industries. Government suppor

funding would be given primarily to projects that had industrial applications (S

Times, 1992a). S$2 billion was allocated to the Plan to finance the areas seen as

to rapid and effective R&D growth (Business Times, 1991a). Three targets were set

GERD as 2 percent of GDP; the private sector contributing over 50 percent of it;
RSEs per 10,000 workers (Lien, 1996).
Measures enacted under the Plan covered three aspects. They were human
resources development; incentive schemes and technology programs; and physical

infrastructure (Business Times, 1991a). For the purpose of developing R&D manpowe

the Joint Industry Masters Program was set up in 1991 with S$38 million to provi

scholarships jointly with sponsoring companies to train their talented staff for
work in selected fields (Straits Times, 1991e & f). The Local Research Exchange
Program and Overseas Research Exchange Program were set up in 1992 and 1993
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respectively to enabled companies to train their R & D workers via a one-year attachment

to local or foreign universities, or invite experts to be attached to local companies
1992; Lim, 1992; Business Times, 1993b). In addition, due to the limited local talent

pool, the government decided to attract 200 foreign research scientists and engineers

Singapore annually (Tan, S., 1991). Incentive schemes launched to encourage industrial
R&D, the second focus of the National Technology Plan (1991-1995), were as follows.
• The R&D Assistance Scheme was allocated S$80 million to support R&D in all
industries or co-operation between industries and the public research sector.
Grants, up to 70 percent of the total project cost, could also be used for R&D
feasibility studies or patent applications (Business Times, 1991b; NSTB, 1992).
• Public research bodies were allowed to apply for S$l million grants to form
holding companies in order to pave the way for spin-offs in research and industrial
collaboration. The holding companies could form subsidiaries to commercialize
their R&D products and processes (Business Times, 1992a).
• The Research Incentive Scheme for Companies was set up in 1993 to attract R&D
operations to Singapore and increase their R&D personnel (Straits Times,
1993a)5.
• The Innovator's Assistance Scheme was set up in 1994 to help independent
innovators. With an initial S$2 million, it would provide a minimum of S$20,000
for either prototype development or test marketing (Straits Times, 1994b).
• The Co-operative Research Program was launched in 1995 to facilitate the cooperation between public research bodies and industries. It could fund up to 70
percent of the total cost of a project (Business Times, 1995a).

5

B y M a y 1996, with S$490 million, the Scheme brought about 55 R & D centers worth over S$1.8 billion,
and created over 2,500 R & D jobs. Every dollar committed by the government generated about S$4 of
industry R & D spending (Straits Times, 1993c & 1994c; Toh, 1995; Nirmala, 1996b). A s a result, another
S$700 million was injected (Tang, 1996).
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The Technology Development Fund was launched in 1995 to assist high-tech

•

start-ups that had not grown large enough to attract traditional venture capital

bank loans. It was also available to overseas firms as long as they would site th
first offshore operations in Singapore once the technology was commercialised
(Straits Times, 1995c).

• Other incentives included tax deduction for R&D expenditure of a capital nature
a three-year writing down allowance of 33.3 percent a year for expenditure in
acquiring technologies; and a 50 percent investment allowance for all capital
expenditure for approved R&D activities (Business Times, 1991b).

By the fifth year mark of the National Technology Plan, 13 research institutes an

centers, 67 co-operate R&D centers and 20 spin-off companies had been set up (Stra
Times, 1996f). Companies engaged in R&D more than doubled (TST, 1996b). Patent

applications increased from 142 in 1993 to 242 in 1995. The target of 40 RSEs per
10,000 workers was achieved in 1992 (Table 7-3). GERD had more than doubled,
reaching S$1.37 billion in 1995 from 1990's S$572 million (Nirmala, 1996a)6. 64.5
percent was from the private sector (Chellam, 1996).

Table 7-3. R&D in Singapore (1991 - 1995)
GERD
S$
%of
GDP
CM)
1.09
1991
756
1.27
949
1992
998
1.12
1993
1,120
1.17
1994
1,370
1.13
1995
Source: Zhang (2000a).
Year

RSEs
10,000
Workers
33.6
39.8
40.5
41.9
47.7

6

Patents
Filed Granted
..
-

-

142
263
242

52
58
51

However, G E R D as a percentage of G D P was 1.13 percent in 1995, far below the targeted 2 percent
Compared to 1991, 1995's G E R D had gone up by 75 percent (Lee & Kee, 1996), growing at an annual
compound rate of 15 percent, which was high compared to most other countries. Therefore, the iailure to
reach this target was imputed to the faster than projected G D P growth (Straits Times, 1996f).
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Together with the increasing enthusiasm in R&D had been the increasing demand

for the facilities of the Singapore Science Park. The number of tenant firms of the Par
grew from 67 in 1990 to 148 in 1995, a 120 percent increase with 16 annual intakes on
average (Table 7-1). Due to the surge in demand, Phase II of the Park was embarked
upon in 1993, when Phase I housed about 100 tenant companies (Business Times,
1993c; Tan, S., 1993). Phase II development of the Park was part of the third focus of

the National Technology Plan (1991-1995), that is, enhancing the physical infrastructu
for knowledge-intensive work of the country.
1995 - 2000: Singapore launched her second national technology plan, the
National Science and Technology Plan (1996-2000), in September 1996 (Straits Times,
1996c; TST, 1996a). Its vision was for the country to build a world-class science and
technology base in the following 10 to 15 years in the fields that were her strengths

(Straits Times, 1996b). The focuses spelt out include building indigenous technologica

capability by investing more resources in universities and research institutes for th
support and seed industrial projects; supporting private sector R&D with sufficient
funds to co-share their risks through the existing incentive schemes; and developing
manpower by encouraging more students to enrol in science and engineering courses
and to do postgraduate work (Blond & Mathi, 1996).
S$4 billion was committed to the Plan. 70 percent would be used to improve the
existing and next generation of products and services (Straits Times, 1996b). Key
technology projects necessary for the economy would be funded for up to over 50
percent of the total cost. Incentives would be provided for industries to acquire
technologies to keep them relevant in the global market (Straits Times, 1996c). Apart

from established industries, emerging areas such as bio-pharmaceutical, environmental
technology and telecommunications would also be nurtured. The allocation of funds
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would be left to market forces. Three targets were set up: G E R D as 1.6 percent of G D P ,
accumulating to total S$ll-12 billion; the private sector contributing two thirds
and 65 RSEs per 10,000 workers (Straits Times, 1996b & e).
Although the Asian economic crisis occurred ten months after the Plan was
launched, Singapore's investment in R&D did not slacken7. It grew from over S$1.7
billion in 1996 to S$2.1 billion in 1997. 66 percent was from the private sector,

percent more than that of 1996 (Straits Times, 1998). 1998's GERD was 1.76 percent,

surpassing the targeted 1.6 percent. It reached 1.84 percent in 1999. Patent appli

increased from 242 in 1995 to 701 in 1999, growing at an annual rate of 31 percent
average (NSTB, 2000). On the manpower front, the target of 65 RSEs per 10,000
workers was also surpassed in 1998 (Table 7-4).

During the five years of the second national technology plan, the number of tenant

firms of the Singapore Science Park achieved its highest speed of growth. It incre
from 148 in 1995 to 307 in 2000, with 32 annual intakes on average. Although 11

tenant firms left the Park in 1998 during the financial crisis, 60 new firms enter

next year. Following the double-budgeted second national technology plan, both the

Table 7-4. R & D in Singapore (1996 - 1999)
Year

GERD
%of
S$
GDP
(M)

1996
1997
1998
1999

1.37
1.47
1.76
1.94

1,709
2,100
2,500
2,800

RSEs
10,000
Workers
56.3
60.2
65.5
68.8

Patents
Granted
Filed

316
490
579
701

91
132
130
155

Note : Data for 1999 are preliminary.
Source: Zhang (2000a).
7

Affected by the crisis, Singapore's 1998 economic growth was only 0.3 percent (Xinhua, 1999);
unemployment rate increased to 4.4 percent (Xinhua, 2000c) from 1997's 2.1 percent (Credit Control,
1999). The Singapore dollar was devaluated by about 20 percent during that period's darkest days
QOrexhage, 1999). A 5.4 percent economic growth in 1999 showed the signs of recovery, which brought
down the unemployment rate to 2.9 percent (Xinhua, 2000c).
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total number of tenant firms of the Park and the average annual intake also doubled
those under the first national technology plan (see Table 7-1).

Demand for Technology Park Malaysia
The experience of Technology Park Malaysia also reflects the importance of

demand conditions as well as the effectiveness of stimulating the demand for the Par
via national efforts in encouraging knowledge-based firms and knowledge-intensive

activities. As mentioned in Chapter 5, Technology Park Malaysia was initiated by the

government to assist the implementation of the country's Industrial Master Plan (198

1995), which aimed at transforming the country from an agriculture-based economy into

a full-fledged industrial economy. From 1988 and up to 1996, the Park existed as a u
under the Ministry of Science, Technology and Environment. It operated in a 2-story
commercial building in Kuala Lumpur for park preparation, meanwhile running an
incubation program with about 20 tenant firms. The present park complex opened in
1996 when Phase I was ready. The Park had 40 tenant firms in 1998 (AURRP, 1998),
around 80 in 1999 and over 90 in early 2001 (TPM, 1999 & 2001). The increase of the
number of park tenants has been found directly related to the national effort of
encouraging knowledge-based industries and knowledge-intensive activities.
The Malaysian government started to demonstrate its determination and political
will to improve the country's technological capability from the end of the 1980s so
achieve sustainable socio-economic development. It launched the National Plan of
Action on Industrial Technology Development in 1990 (Business Times, 1989a; Straits
Times, 1990c & 1990d), which offered comprehensive recommendations to transform
Malaysia into an industrialized nation by 2020. The development of strategic high
technology industries, supporting firms and the requisite of human resources became
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central to its achievement (Rasiah, 1997). Its recommendations included forming a
Cabinet committee so as to give political will to the development of science and

technology in the country; increasing the budget for R&D from 0.8 percent of the GD

to at least 1.5 percent in 1995 and 2 percent in the year 2000 with 60 percent from
private sector (Straits Times, 1990c). Furthermore, science and technology were reemphasized in the government's New Development Policy (1991-2010) launched in
1991 (Salih & Colyer, 2000).
However, in spite of these recommendations, GERD within the country had been
continually decreasing from the first half of the 1990s. It was 0.8 percent of the

the end of the 1980s, 0.34 percent in 1994 and 0.17 percent in 1995 (Business Times,
1996a; MOSTE & NSTDA, 1999). Almost 100 percent of companies' profits was given
to their shareholders and only a few companies put aside some profits for R&D
(Business Times, 1996a). Although the country's economy grew at an average annual
rate of 8.8 percent between 1987 and 1996, lifting per capita income from US$1,850

US$4,425 (Athukorala, 1998), it had been widely attributed to the rapid growth of it
labour-intensive manufactured exports (Reinhardt, 2000). In such a situation, the
demand for the R&D facilities and services could hardly be strong.
In the mid 1990s, the government launched its Vision 2020 for the country to
achieve "fully developed country" status by 2020. Greater emphasis on science and
technology development was seen as vital for the vision (Business Times, 1995b;
Gomez & Jomo, 1997). The government decided to take measures with the following

focuses: the development of the national scientific potential and science and techn

self-reliance; the development of R&D infrastructure and centers of excellence; hum
resources development; the promotion of technology transfer; and the
commercialization of research results (Business Times, 1995b).
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Accordingly, the A c a d e m y of Sciences was officially inaugurated first. It had the
long-term objective of harnessing science and technology for development. Acting as a
consultative body to advise the government on strategic areas was one of its most
important tasks. Soon after, the Ministry of Finance designated 21 research institutes
approved institutions whereby the private sector would be allowed double-taxation
deductions when using their services. This enabled companies without in-house

facilities to invest in R&D in co-operation with established institutions. Following th
the Minister for Education unveiled a 10-year blueprint to promote technical education.
The plan included the introduction of technical subjects in secondary schools and
technical schools. The intake of science and engineering students would be
progressively increased from 25 percent to 60 percent (Business Times, 1995). In
addition, the government called on all states to focus on attracting capital-intensive
foreign investments and cutting back on labour-intensive industries (Straits Times,
1995d).
Another action taken by the government was the construction of the Multimedia
Super Corridor, the plan of which was unveiled in August 1996 (Business Times,
1996a). The Corridor provides the infrastructure for assisting the growth of knowledgebased firms and encouraging related investments. Technology Park Malaysia is part of
it. In addition to the physical infrastructure, MSC-status was created, which grants
companies located inside the MSC with a series of incentives, both financial and nonfinancial (see Chapter 6). Together with this technology push since the mid 1990s, the
number of tenant firms within Technology Park Malaysia increased to about 80 in 1999
and over 90 in early 2001. Clearly, the growth of Technology Park Malaysia is directly
related to the macro science and technology environment created by the government of
the country.
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D e m a n d for the Thailand Science Park
The Thailand Science Park was also the result of a government move for

economic transformation, from an agricultural economy to an industrial economy (s

Chapter 5). The project was approved by the government in 1989. Construction star

in 1996. The Park will open in early 2002, when Phase I is completed. The National

Science and Technology Development Agency and the three national research centers
under its umbrella, namely, BIOTEC, MTEC and NECTEC, will be the anchor tenants8.

6,000 square meters of ready-built units from the buildings in Phase I will be al

to tenant firms from the private sector. There has been no confirmed tenant as ye

April 2001). This indication of initial demand is hardly enthusiastic, and appears

weaker than that of the Singapore Science Park and Technology Park Malaysia. On o

hand, it reflects the common situation of supply-pushed schemes. On the other hand
to a certain extent, is related to the amount of R&D activities in the country.
The Thai economy achieved remarkable progress from the late 1980s. It had a 13

percent growth in 1988, the highest in Asia. Double-digit growth continued into 19
(Hussey, 1993), and averaged 8.4 percent from 1990 to 1995 (World Bank, 1997). The
average Thai income jumped from US$710 a year in 1985 to US$1,803 in 1992
(Thornton, 1993) and about US$2,240 in 1995 (Sriwatanapongse, 1997a). Such

economic expansion was due significantly to the movement of the manufacturing bas

from East Asia into the country which resulted from the appreciation of the Japan
YEN as well as the U.S. removing South Korea, Taiwan, Hong Kong, and Singapore

from the list of favoured countries under the General System of Preferences in 19
(Hussey, 1993; Thornton, 1993; The Economist, 1994; Jesdapipat, 1997; MOSTE &

8

See Chapter 6 for details about the National Science and Technology Development Agency,
M T E C and N E C T E C .
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N S T D A , 1999) . However, much of the foreign capital that flooded into Thailand was

for labour-intensive industries such as shoemaking, apparel manufacture, and asse
of consumer electronics (Worthy, 1989).
R&D has been rare in the country. GERD showed a decreasing tendency. It was

0.21 percent in 1987, 0.16 percent in 1991 and 0.12 percent in 1996. The contrib

from the private sector had been between 15 to 20 percent during these years alt

the figure in 1996 was higher, 29 percent (Table, 7-5). The number of RSE per 10,
of the labour force in 1996 was only 1.75 (MOSTE & NSTDA, 1999). This was far

from the target of the seventh National Economic and Social Development Plan (199

1996): GERD being 0.75 percent of GDP with 67 percent of it from the government a
33 percent from the private sector10. The National Science and Technology

Development Plan (1997-2006) was considered a long-term plan aimed at developing

Table 7-5. R&D Spending in Thailand
Year

% of GDP

Total
(Mbaht)
2664.39
2908.95
3928.05
4473.41
5174.32
5528.13

1987
0.21
0.16
1989
0.16
1991
1993
0.14
1995
0.13
1996
0.12
Source: M O S T E & NSTDA (1999).
9

Share
Government
Private sector
82.21
17.79
80.46
19.54
85.51
14.49
83.71
16.29
84.77
15.23
71.05
28.95

Thailand attracted large amounts of foreign direct investment (FDI) after the incentives for industrial
investments were launched in 1985 (Jesdapipat, 1997). A series of international events also helped to
push F D I into the country. The Japanese yen spurted from Y E N 252/$l at the beginning of 1985 to Y E N
125/$1 by the end of 1988 (The Economist, 1994). Japanese industrialists were forced to locate plants
outside Japan in order to remain competitive (Hussey, 1993; Thornton, 1993). Between 1986 and 1988,
Japanese applications to invest in Thailand rose sevenfold (The Economist, 1994). Besides, the U.S.
removed South Korea, Taiwan, Hong Kong, and Singapore from the list of favoured countries under the
General System of Preferences (GSP) in 1989. This led to the foreign-based industries such as textiles and
garments being relocated into Thailand, which kept its level of quotas under the G S P (Hussey, 1993).
Total F D I in Thailand increased from 10,536 million baht in 1986 to 52,124 million baht in 1989 and to
53,990 million baht in 1990, when FDI was at its height (Jesdapipat, 1997).
10
The reason for the decreasing G E R D as a percentage of G D P was the lack of following up measures
and the rapid growth of the economy. The absolute amount of spending on R & D had more than doubled,
increased from 2,664 million baht in 1987 to 5,528 million baht in 1996, however, it could not keep pace
with the rise of G D P ( M O S T E & N S T D A , 1999).
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science and technology at both basic and applied levels with the focus on the
development of human resources, R&D, technology transfer and infrastructure
(MOSTE & NSTDA, 1999)11. However, almost at the same time when the Plan was
launched, Thailand was hit by the financial crisis of 1997.
The crisis started from the decline of export growth, from 26.9 percent in 1995 to

5.7 percent in the first half of 1996, the lowest since 1983, and zero percent that

expected by the end of 199612. It rocked the stability of the economic markets as th
Thai economy depended largely upon exports (Cunningham, 1999). In May 1997, Thai
currency suffered a massive speculative attack (Bunyamanee & Nivatupumin, 1998)13.

The defence of the Central Bank of Thailand with the country's foreign reserves fai

(MAP, 1998; Xinhua, 2000a). The Thai baht was let to float on July 2. It promptly fe

by 20 percent against the U.S. dollar (Leightner, 1999). This eroded foreign investo

confidence in the country, resulting in immediate withdrawals of the short-term for
loans and exacerbating the crisis (Punyaratabandhu, 1998). Although the country was

granted emergency aid from the International Monetary Fund in August 1997, the cris
continued to deepen. By mid-December 1997, the Thai baht had depreciated by roughly
77 percent of the fixed rate prior to the July 2 flotation (Punyaratabandhu, 1998;
Economist, 1999; Whitt, 1999; Leightner, 1999). The economy had a negative growth
rate of 8 percent in 1998 (Punyaratabandhu, 1999). GDP per capita was dragged down

11

The National Science and Technology Development Plan (1997-2006) is in the eighth National
Economic and Social Development Plan (1997-2001) ( M O S T E & N S T D A , 1999).
12
The Asian Development Bank attributed the decline in exports to several factors including a slump in
the electronic sector, tight monetary policies in other countries, and the appreciation of the U.S. dollar
against the Japanese yen. A s the Thai baht was "pegged" to a basket of currencies with strong ties to the
U.S. dollar, instead of allowing market forces to determine its worth, the exchange rate between the U.S.
dollar and the Thai currency remained the same while the U.S. dollar strengthened in Japan. This made
Thai goods more expensive in comparison to Japanese goods (Cunningham, 1999).
13
Thailand had maintained an exchange rate of 25 baht to one U.S. dollar for 13 years largely because its
interest rates were sufficiently higher than world interest rates to deter capitalflight(Bunyamanee &
Nivatupumin, 1998). This caused distortion of the real worth of the baht, but attracted huge capital
inflows (Cunningham, 1999).
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to US$1,800 (Business Asia, 1999). Inflation reached 8.1 percent (Xinhua, 2000b). The
economy had a 4.2 percent real GDP growth in 1999, showing the sign of recovery
(Business Week, 2000).
The opening of the Thailand Science Park, originally planned for 1998, was
delayed because its construction companies were caught in the crisis. The Park is
foreseen to open in early 2002 with the completion of Phase I construction. Given the

limited knowledge-intensive activities in the industries and the hard hit by the financ

crisis, the demand for the facilities of the Thailand Science Park cannot be expected t
be very strong. Effective actions stimulating and encouraging knowledge-intensive
activities and technological entrepreneurs are necessary.
The above experiences of the Singapore Science Park, Technology Park Malaysia
and the Thailand Science Park reflect that demand conditions can greatly influence the
performance of a science park. Creating demand tends to be a critical issue
accompanying the development of science parks, the supply-pushed schemes. National
efforts to stimulate and encourage knowledge-based industries and knowledge-intensive

activities are effective in creating and enlarging the demand for science park faciliti
These findings are also supported by the information collected via interviewing park
management executives and tenant executives. Over half of these park management
interviewees proposed effective marketing as a science park KSF, making it ranked four
among the 15 KSFs they suggested. The purpose of it is to set up the awareness of a
park and the support that the park can provide for knowledge-based firms and
knowledge-intensive activities so as to attract potential tenant firms. This is one of
ways to create demand. Both park management interviewees and tenant interviewees
suggested support and incentives in various aspects as important for knowledge-based
firms. They include technological support, competitive rate, support from universities
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and/or research institutes and business assistance. The proportions of park
management interviewees proposing them were much larger than those of tenant
interviewees (see Chapter 6). This reflects the supply-side eagerness of creating
demand. All these findings indicate that "demand conditions" of Porter's "diamond"
model can be a KSF in the context of these three parks under study.

7.3 Related and supporting industries
In Porter's "diamond" model, supporting industries mainly refer to suppliers;
related industries are those in which firms can co-ordinate, share activities, or be

involved in products that are complementary. Porter (1990) suggests that the availabilit
of internationally competitive related and supporting industries be able to accelerate
pace of innovation, and therefore, be helpful for the growth of the industry and the
formation of the industrial cluster concerned (see Chapter 4).
As no literature clearly presents what are the related and supporting industries of
science parks, the present study first probed this issue through interviewing park

management executives in order to investigate whether this ingredient of Porter's model
can be a KSF in the context of these three parks under study. The interviewees were
asked two open-ended questions: What in your opinion are the supporting
industries/sectors of a science park? And what are the related industries/sectors of a
science park? "Sector" was added to the questions because science park KSFs identified
in the literature and from the perceptions of park management executives and tenant
executives reflect that some sectors such as universities and research institutes are

involved (see Chapter 4 and 6). Tenant interviewees were not included in the search for
this information as it was envisaged as irrelevant to them.
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12 industries/sectors were proposed by these park management interviewees. The
investigation as to whether this determinant of Porter's "diamond" model could be a
science park KSF was conducted through examining whether these 12 industries/sectors
were among science park KSFs proposed by the park management executives and
tenant executives interviewed. The result indicates that "related and supporting
industries" could be a KSF in the context of the three parks under study. The findings
concerned are presented in the following two parts. Part one focuses on the related and
supporting industries/sectors of science parks proposed by park management executives.
Part two examines whether "related and supporting industries" can be a science park
KSF.

7.3.1 Related and supporting industries/sectors of science parks
Those park management executives interviewed proposed 11 supporting

industries/sectors (Table 7-6) and eight related industries/sectors of science parks (Tab
7-7). The 11 supporting industries/sectors are government, IT industry, universities and
research institutes, technological service providers, the financial sector, research
equipment providers, industries in related technological fields, the business

consultancy/service sector, service providers for the quality of life, secretarial service
providers and other science parks. The eight related industries/sectors are industries in
related technological fields, universities and research institutes, IT industry, the

financial sector, research equipment providers, industrial parks, service providers for th
quality of life and other science parks.
Five interviewees didn't respond to the question concerning related
industries/sectors. One of them explained that related industries/sectors included
supporting industries/sectors. The study found that fewer interviewees provided much
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T a b l e 7-6. Supporting industries/sectors of science parks
N=19
Sectors/industries
1. Government
2. IT industry
3. Universities and research institutes
4. Technological service providers
5. Financial sector
6. Research equipment providers
7. Industries in related technological fields
8. Business consultancy/service sector
9. Service providers for the quality of life
10 . Secretarial service providers
11 . Other science parks

Frequency

%

8
8
7
4
4
4
4
3
2
2
2

42
42
37
21
21
21
21
16
11
11
11

T a b l e 7-7. Related industries/sectors of science parks
Frequency

S ectors/industries

%

N=13
N=19
Industries in related technological fields
47
69
9
Universities and research institutes
3
16
23
2
11
15
IT industry
Financial sector
11
15
2
11
15
2
Research equipment providers
Industrial parks
2
11
15
Service providers for the quality of life
1
5
8
Other science parks
1
5
8
Note: Five interviewees didn't provide response to the question concerned.

1.
2.
3.
4.
5.
6.
7.
8.

T a b l e 7-8. Supporting a n d related industries/sectors of science p a r k s
% of Frequency
Total Sup Rel

Industries/Sectors

N=19
Frequency
Total

Sup

Rel

Both supporting & related
1. Industries in related technological fields
68 21 47
13 4 9
53 42 11
10 8 2
2. IT industry
3. Universities/research institutes
9 7 3
47 37 16
6 4 2
32 21 11
4. Financial sector
5 4 2
26
21
11
5. Research equipment providers
6. Service providers for the quality of life
5
3 2 1
16 11
7. Other science parks
5
3 2 1
16 11
Supporting
8. Government
8
42
4
21
9. Technological service providers
10. Business consultancy/service sector
3
16
2
11
11. Secretarial service providers
Related
2
11
12. Industrial parks
Note: 1. Sup = supporting industries, Rel = related industries
2. Figures in the columns of "Total" are counted according to the number of
respondents instead of referrals.
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less information about the related industries/sectors of science parks compared with that
about supporting industries/sectors. Possibly, this is because the question about
supporting industries/sectors was asked first. In addition, some industries/sectors
suggested appeared in both categories of "related" and "supporting". It is necessary,
then, to give a general consideration to the information collected. The study, therefore,
pooled all those industries/sectors suggested by the interviewees, and found that
altogether 12 industries/sectors were proposed. They have been divided into three
groups according to the categories they fall in. The three groups are (1) both supporting
and related industries/sectors, (2) supporting industries/sectors and (3) related
industries/sectors (Table 7-8). Details about them are presented as follows.
(1). Both supporting and related industries/sectors - This group includes seven
industries/sectors appearing in both categories of supporting and related
industries/sectors. Industries in related technological fields and IT industry were
proposed by more than half of the interviewees. They are followed by
universities/research institutes, the financial sector, and research equipment providers
suggested by 25 to 50 percent of the interviewees. Service providers for the quality of
life and other science parks were mentioned by less than 25 percent of them. The

frequency of referral indicates that the role of industries in related technological field
tends to be more "related" than "supporting" to science parks; the others, more
"supporting" than "related" (Table 7-8). Analyses provided by the interviewees are as
follows.
• Industries in related technological fields can provide facilities, expertise, services,
as well as funds for contract research, which will benefit both parks and tenants.
They can also provide information about their needs so that a science park can
have clear direction for assisting and co-operating with them. In addition, they are
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the source of potential tenants, and they m a y also be related with the mission of
science parks. For example, biotechnological industries are important in helping a
developing country move from an agricultural to an industrialized economy. This
is in agreement with the mission of many science parks in developing countries.
• IT industry can provide IT facilities, which have become part of the infrastructure
needed by all technologies, and the tools for knowledge-workers. A science park
cannot avoid them.

• Universities/research institutes usually have a lot of R&D facilities. They are also
the sources of knowledge, knowledge workers and spin-offs. They can also
provide on-going education and training opportunities catering for tenants' needs,
and co-operate with tenant firms on their R&D activities.
• The Financial sector is expected to provide funds for R&D and venture capital for
entrepreneurs. However, it is also known that the private financial sector prefers
enterprises with good tracks, that start-ups usually don't have.
• Research equipment providers include those making, selling, and repairing
instruments. If they are resident in a country, there will be no need to send
equipment abroad or bring in experts for repair purposes. This directly relates to
cost, time and convenience.
• Service providers for the quality of life include all the sectors providing various
services that compose the quality of life. Aspects concerned include a cafeteria,
accommodation, gardening, cleaning, security, transportation, travelling, mail,
shopping and maintenance.
• Other science parks can link together to form a network so that information can
be shared, which will benefit all parks concerned.

208

chapter 7. An Investigation on the Fertile Environment for Spontaneous Industrial Clusters

(2). Supporting industries/sectors - This group includes four industries/sectors
appearing in the only category of supporting industries/sectors of science parks.
Government tops the list, proposed by 42 percent of the interviewees; technological

service providers, business consultancy/service sector scad secretarial service provider
by less than 25 percent of them (Table 7-8).
• Government is able to support a science park in various aspects, which are similar
to those listed under government support, one of the science park KSFs proposed
by both park management interviewees and tenant interviewees (see Chapter 6).
They include providing land and budget for a park's establishment; formulating
policies encouraging knowledge-based firms to locate into a science park;
providing access to technological support, business expertise and human resources
as well as financial support for park tenants. In their opinion, the private financial
sector is usually profit-oriented, and supports well-established enterprises rather
than start-ups. They also shun R&D as it takes a long time to get a return.
Government has to fill in the gaps in order to promote entrepreneurship and
strengthen the technological base of its country.
• Technological service providers refer to those providing such technological
assistance and services as testing, analysis, and quality control. They are
necessary for park tenants, especially start-ups.
• Business consultancy/service sector can assist tenant firms with the managerial
expertise that they don't have, such as that concerning applications for venture
capital or fund and documentation for import and export. Science park tenants are
usually R&D firms, who, especially at the early stage, have scientists and
technologists instead of a team with various managerial skills. It will be
convenient if these service providers are located inside a science park.
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•

Secretarial service providers are those that relate to phone, fax, copier, and
stationary.
(3). Related industries/sectors - This group has only one industry/sector appearing

in the only category of related industries/sectors of science parks. It is industrial parks,
which can be the second h o m e for science park tenant firms after they graduate from a
science park14 (Table 7-8).
The above findings provide a framework in terms of what are the supporting and
related industries/sectors of science parks. M o r e than half of the 12 industries/sectors
proposed by the interviewees tend to have both supporting and related roles for science
parks. The study does not intend to delineate further between them, but to investigate
indiscriminately whether they are important for science park operations and so to judge
whether "related and supporting industries" of Porter's "diamond" model can be a K S F
for science parks in the context of developing countries. Findings are reported in the
next part.

7.3.2 Related and supporting industries/sectors as a science park KSF
The investigation whether "related and supporting industries" of Porter's
"diamond" model can be a K S F for science parks in the context of developing countries
was conducted through examining whether the above related and supporting
industries/sectors nominated by the park management interviewees were a m o n g the
science park K S F s identified from the perceptions of park management executives and
tenant executives interviewed (see Chapter 6). The result shows that 10 out of the 12
industries/sectors are closely associated with those K S F s (Table 7-9). This indicates that
"related and supporting industries" is important in the context of these three parks being

14

See Chapter 2 for the definition of industrial parks.
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Table 7-9. Related & supporting industries/sectors vs. K S F s of science parks
Related & Supporting
Industries/Sectors

Frequency
(%)

N=19
Both supporting & related Group
Industries in related technological fields
IT industry
Universities/research institutes
Financial sector
Research equipment providers
Service providers for the quality of life
Other science parks

Science Park
KSFs

68
53
47
32
26
16
16

N=39
-

39
26
26
39
77
05

-

IT facilities/Internet
Co-operation with HEIs
Venture capital/R&D fund
R & D equipment
G o o d basic infrastructure
Co-operation
with
other
parks

Pure supporting Group
Governments 42
56 Government support
Technological service providers 21
28 Technological support
Business consultancy/service sector 16
26 Business assistance
Secretarial service providers 16
15 Secretarial services
Pure related Group
Industrial parks 11
Note: 1. Frequencies for Related & Supporting Industries/Sectors are from Table 7-8.
2. Frequencies for Science Park KSFs are from Table 6-5.

studied.
The two industries/sectors that have no correspondent among those KSFs are

industries in related technological fields and industrial parks. This study won't interpre
them simply as irrelevant to science parks. In reality, they are at the downstream of
science parks, that is, they are supported by science parks in most cases. As reflected

the literature, supporting the development of industries is the key task of science park

(see Chapter 2). The findings within the present study are in agreement with this. Nearl
half of these park management interviewees suggested industries in related
technological fields as "related" to science parks, compared with one fifth who
suggested them as "supporting" (see Table 7-8). On the other hand, the development of
science parks can surely be benefited if industries in related technological fields are
very competitive. As mentioned earlier, they generate the demand for the facilities
within science parks. And science parks "live" on knowledge-based firms and
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knowledge-intensive activities. These park management interviewees also suggested

that industries in related technological fields can provide facilities, expertise, servi
funds for contract research, and potential tenant firms. Industrial parks were proposed
as only "related" to science parks. Science park tenant firms can be relocated into
industrial parks when they reach the stage of mass production. Therefore, industrial
parks can be the second home of science park tenant firms. Good co-operation with

competitive industrial parks implies enlarged facilities and functions of a science par
This co-operation will be helpful in increasing the reputation of a science park and
benefit its operation. The other industries/sectors suggested by the park management
interviewees are at the upstream of science parks, that is, they play more supporting
roles to science parks. Such a relationship is clearly reflected by their frequency of
referral. Much more of the interviewees suggested them as "supporting" rather than
"related" to science parks (Table 7-8). This is why they are closely associated with
those science park KSFs suggested by both park management executives and tenant
executives.

7.4 Firm strategy, structure and rivalry
"Firm strategy, structure and rivalry" of Porter's "diamond" model refers to the
context in which firms are created, organized and managed as well as the nature of
domestic rivalry. Accordingly, Porter's analysis focuses on the influence of the macroaspects of a nation on firms, rather than on how to manage firms. He suggests that an
industry tends to be successful if the goals of firm owners and managers match the
needs of the industry, and if vigorous local competition exists and many new businesses
can be formed (see Chapter 4).
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The present study argues that it is c o m m o n sense to k n o w that proper strategy and

structure are important for the success of any firm, company and organization. It is also
well known that rivalry can stimulate constant effort for improvement and higher level
of efficiency and effectiveness. This is also true for science parks. The park/campusstyle science park schemes targeted by this study are companies or organizations
themselves. Surely, strategy, structure and rivalry play an important role for their
successful operations. However, as most science parks in developing countries are the
first or the only scheme in their home countries, they are unlikely to have domestic
rivalry although there is the possibility of international rivalry15. Therefore, the
investigation of this ingredient of Porter's "diamond" model in the context of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park
focuses only on strategy and structure.
Findings indicate that management strategy and structure are important in the

context of the three parks being studied. Firstly, among the three groups of science park
KSFs reflected by the literature from developed countries, which have also been proved
critical for the three parks under study, two groups are directly related with park
management strategies and structure. They are those in the categories of park
preparation and a professional management team respectively. Chapter 6 addresses
these in details. Although most of park location factors, another group of KSFs, are

outside a science park, the issue of what factors are important for a park is still rela

with park management strategies as it decides the selection of park location. Besides, it

is also related with the issue of what factors need to be installed inside a park for its
complement.

15

Science parks in different countries m a y compete in order to get international knowledge-1

as tenants.
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Secondly, park management executives interviewed by the study suggested three
groups of factors important for a science park operation. They are infrastructure,
external support, management expertise and strategy (see Table 6-2). None of them can
be separated from park management strategy. Factors that compose the needed

infrastructure are the same as for the park location factors mentioned above. So is th
relationship with park management strategies. External support from related sectors

such as government and universities won't come to a science park without the efforts o
park management. Factors in the group of management expertise and strategy are all
about management strategies.
Thirdly, tenant executives interviewed suggested four groups of factors about
science parks, that are attractive to knowledge-based firms. They are infrastructure,
incentive, publicity and service (see Table 6-4). The infrastructure they proposed is

same as that proposed by park management executives. Factors in the other three groups
are also directly related with park management strategies. These indicate that "firm
strategy, structure and rivalry" of Porter's "diamond" model is important for science

parks in the context of these parks. However, as its connotation focuses on the influe
of the macro-aspects of a nation on firms, it has to be amended by adding relevant
micro-managerial content in order to make it effective in guiding science park
management.

7.5 Government and chance
"Government" and "chance" are the two variables of Porter's "diamond" model. It
suggests them being able to influence the other ingredients either positively or

negatively (see Chapter 4). Investigation within the present study supports the import
role of government in the context of the three science parks under study. Over 40
percent of the park management executives interviewed proposed government as a
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supporting sector of science parks, making it top the list of supporting industries/sec
that they suggested (see Table 7-6 and 7-8). Over half of these park management
executives and tenant executives who were interviewed envisaged government support

as critical for a successful science park operation, making it ranked in the top three i

the key factor lists they proposed (see Chapter 6). In-depth case studies on the Singap
Science Park, Technology Park Malaysia, and the Thailand Science Park also confirm
the multi-function roles of government suggested by these interviewees. They include
helping to secure an attractive park site, providing financial support for park
establishment and development, and providing incentives and access to public research
bodies for tenant firms. Their governments have been significantly influencing the
establishment, development and management of these three parks.
As for "chance", this study didn't find any significant role of it for science parks
in the perceptions of those park management executives and tenant executives
interviewed, nor in the experiences of these three parks. It is possible that a chance
event can influence the operation of a science park. For example, during the financial
crisis that began in 1997, and which was a chance event, the construction of the
Thailand Science Park was delayed, and the number of tenant firms of the Singapore
Science Park was reduced (see Chapter 6). However, "chance" cannot function as a
KSF guiding science park management.

7.6 Summary and conclusion
This chapter has focused on the second hypothesis - the fertile environment for

the development of spontaneous industrial clusters proposed by the literature is able t
play a guiding role in the management of science parks in developing countries
(Hypothesis 2). It is one of the two hypotheses designed for the investigation of the

215

chapter /. An investigation on the Fertile Environment for Spontaneous Industrial Clusters

second research question: C a n the factors enhancing the development of spontaneous
industrial clusters be used to effectively guide the management of science parks in
developing countries? The investigation was conducted through examining whether the
ingredients of Porter's (1990) "diamond" model for the fertile environment for the
development of spontaneous industrial clusters can be the KSFs in the context of the
Singapore Science Park, Technology Park Malaysia and the Thailand Science Park. The

result indicates that four of them are important. They are "factor conditions", "demand
conditions", "related and supporting industries" and "government". "Firm strategy,

structure and rivalry" needs to be strengthened with relevant content in order to make
effective for science park management. "Chance" doesn't appear a significant factor.
"Factor conditions" of Porter's "diamond" model has a broad connotation, which
includes basic versus advanced factors and general versus specialized factors. They

include science park location factors, a group of KSFs that have been proved critical f

the above three parks. Science park location factors can be associated with specialized

and advanced factors as well as high quality basic and general factors. Specialized and
advanced factors are those ingredients for knowledge work. High quality basic and
general factors are those that compose the quality of life for knowledge workers.
"Demand conditions" is important for science parks. If there is no demand, a park
will have no tenant firms. As they are supply-pushed schemes, most science parks
usually face a weak demand at the initial stage. Stimulating demand is an important
issue for the development of science parks. This was confirmed by the experiences of
these three parks under study as well as the opinions of those park management
executives and tenant executives interviewed. National efforts in encouraging and
stimulating knowledge-based firms and technological entrepreneurs prove effective in
increasing the demand for science parks.
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A s for "related and supporting industries", the present study first identified what
can be the related and supporting industries/sectors of science parks through
interviewing park management executives. Twelve industries/sectors were proposed.
They are industries in related technological fields, IT industry, universities/research

institutes, the financial sector, research equipment providers, service providers for the
quality of life, other science parks, government, technological service providers,
business consultancy/service sector, secretarial service providers and industrial parks.
Ten of them are closely associated with the critical factors for science parks proposed
by the park management executives and tenant executives interviewed. Although two

industries/sectors, related technological fields and industrial parks, are not within the
KSF list the interviewees proposed, they are related with science parks. They are at the
downstream of science parks, and tend to be supported by science parks. However, they
can benefit the development of a science park if they are competitive.
"Government" has been found to play multi-functional roles that significantly
influence the establishment, development and management of these three parks in the

study. They include helping to secure an attractive park site, providing financial suppor
for park establishment and development, and providing incentives and access to public
research bodies for tenant firms. Without their government, none of these parks could
have been established. These were confirmed by the information collected from various
sources such as documentation, park management executives and tenant executives.
"Firm strategy, structure and rivalry" is important for the successful operation of
any firm, company, organization, including science parks. Investigation within the
present study indicates that virtually all KSFs for the three science parks cannot be
separated from park management, both strategies and expertise. Proper structure directly
influences the quality of the management team, and therefore, the effective creation and
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application of proper management strategies. As the connotation of this ingredient of
Porter's "diamond" model focuses on the influence of the macro-aspects of a nation on
firms instead of firm managerial issues, the present study suggests that it should be
strengthened with management strategies in order to make it an effective KSF for
science parks.
The findings of the investigation indicate that four of the six ingredients of
Porter's "diamond" model for the fertile environment for the development of
spontaneous industrial clusters can function as KSFs in the context of the three parks

under this study. Another one, "firm strategy, structure and rivalry", targets the righ
aspect, although its connotation needs to be amended. This indicates that Porter's
"diamond" model can play a guiding role in the management of science parks in the
context of developing countries. The hypothesis is supported to a great extent.
Besides, two findings that have emerged from this part of the investigation
confirm the importance of government and the micro environment it creates for the

successful operations of science parks in developing oriented economies as presented in
Chapter 6. The first finding is that national efforts to encourage and stimulate
knowledge-based firms and technological entrepreneurs are critical for increasing the
demand for science parks. The second finding is that government is a key contributor to
the fertile environment for the development of spontaneous industrial clusters as well
science parks in the context of these three cases under this study. These reaffirm the
previous conclusion of the present study: both government and a park management team
as well as the macro environment and micro management strategies that they create play
a significant role in the performance of a science park in a developing oriented
economy. A park's success or failure, therefore, depends on the interactions of two
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levels of management: the national policy framework and a science park itself. Scienc
park management strategies cannot be separated from a broader macro level approach.
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Chapter 8
An Investigation on Clustering Advantages and Science Park Achievements

This chapter focuses on the third hypothesis and the third research question of the
study. The hypothesis is that clustering advantages leading to the formation and

sustained growth of spontaneous industrial clusters function in the same way for scienc
parks in developing countries (Hypothesis 3). It is one of the two hypotheses designed
for the investigation on the second research question of the study: Can the factors
enhancing the development of spontaneous industrial clusters be used to effectively
guide the management of science parks in developing countries? The investigation of
the hypothesis targets at examining whether the two types of clustering advantages,
namely, passive advantages from favourite location factors leading to the formation of
spontaneous industrial clusters and long-term advantages from firms' integration and

interactions enhancing their sustained growth (see Chapter 3), function in the same way

in the context of the three science parks under this study. Two parts of information we
applied to the investigation. One draws from the findings of the investigations on
Hypothesis 1 and 2. The other is from tenant executives and park management
executives interviewed. The focus is on tenant executives' perceptions towards the
needs and/or expectations of knowledge-based firms from a science park and park
management executives' perceptions towards the key factors for a successful science
park operation.
The result of the investigation supports the hypothesis. It indicates that favourite

location factors play an important role in attracting knowledge-based firms to a scienc
park. The integration and interactions with related actors are desired by tenant firms
they can create the incomparable values which enhance their competitiveness, and
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therefore, they are important for the successful operation of a science park. This implie

that, in addition to seeking and accumulating favourite location factors, which is hardly
overlooked by the literature or the park developers and managers, science park
managerial efforts should also be directed to creating the integration and interactions
among tenant firms and related actors. Whether or not this can be achieved will
influence the growth of both a science park and its tenant firms.
The research question addressed in this chapter is: What should be regarded as the
achievements for government-driven park/campus-style science parks in developing
countries? As minimal literature has been found probing this issue, the investigation
was conducted through interviewing park management executives and tenant

executives. The findings reflect that park outputs tend to be appropriate to be regarded
as park achievements. Those identified by the study include the number of R&D results,
tenants' growth, contribution to the national economy, and the number of technology
transfers. These are in agreement with the key task of science parks, that is, assisting
growth of knowledge-based firms and knowledge-intensive activities for the economic

benefits of science and technology. They suggest part of the working directions for park
management as well as a way of evaluating the effectiveness of a park operation.
Findings about the above two issues are presented separately in the following two

parts. Part one focuses on the investigation on the functions of clustering advantages as
for science parks; part two, on the indicators for science park achievements.

8.1 An investigation on the functions of clustering advantages
This part of the thesis presents the investigation on the third hypothesis of the
study - clustering advantages leading to the formation and sustained growth of

spontaneous industrial clusters function in the same way for science parks in developing
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countries (Hypothesis 3). T h e literature indicates that two types of clustering advantages
lead to spontaneous industrial clusters. They are passive advantages and long-term
advantages. Passive advantages arise from the physical proximity to favourite location

factors. In most cases they are cost benefits, and are available to all the actors near

Favourite location factors together with the advantages they can generate attract firms

a certain place and lead to the formation of a spontaneous industrial cluster. Long-ter
advantages emerge from the integration and interactions among related actors within a
physical proximity. They are knowledge benefits and "milieu" benefits, which enable
firms to become more innovative and effective, and therefore, lead to their long-term
competitiveness. These long-term clustering advantages are the long-lasting cohesion

among firms, resulting in the sustained growth of a spontaneous industrial cluster (see
Chapter 3). Accordingly, the investigation of the above hypothesis was conducted in
two parts. Part one focuses on the function of passive advantages; part two, on the

function of long-term advantages. The findings within the study support the hypothesis.
They indicate that both types of clustering advantages function in the same way in the
context of the science parks under study. Details are presented as follows.

8.1.1 Function of passive advantages
Passive advantages refer to those generated from being within the physical

proximity to favourite location factors. They attract firms to a certain place and lead
the formation of a spontaneous industrial cluster (see Chapter 3). The present study
argues that they should function in the same way for science parks, the planned

industrial clusters. However, what should be the favourite location factors for a certa

cluster or a science park depends on the needs of inside actors. As science parks usual
house a large proportion of knowledge-based firms engaging in knowledge-intensive
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activities, favourite location factors have to be directly related to the needs of
knowledge workers and their work. The investigation of the study supports this
argument.
First of all, the study found that favourite location factors compose one of the
three groups of KSFs highly emphasized by the science park literature from developed

countries. These factors are around two themes: the quality of life desired by knowledge
workers and the ingredients needed by knowledge work. The experiences of science
parks in developed countries suggest that being equipped with them or providing easy
access to them will enable a park to attract knowledge-based firms and knowledge

workers (see Chapter 4). The investigation within the present study found this to be th
same in the context of the Singapore Science Park, Technology Park Malaysia and the

Thailand Science Park (see Chapter 6). This indicates that favourite location factors a
the advantages they generate function in the same way for spontaneous industrial
clusters and science parks in both developed and developing countries.
The study also found that "factor conditions", one of the determinants of Porter's
"diamond" model for the fertile environment for the development of spontaneous
industrial clusters, includes the above science park location factors. According to

Porter's (1990) definitions, science park location factors are associated with speciali

and advanced factors as well as high quality basic and general factors. Those specializ
and advanced factors are the ingredients for knowledge work, while the high quality
basic and general factors are those that compose the quality of life desired by
knowledge workers (see Chapter 4 and 6). This supports the argument of the present
study that what should be the favourite location factors for a spontaneous industrial
cluster or a science park depends on the needs of the inside actors.

223

Chapter 8. An Investigation on Clustering Advantages and Science Park Achievements

The above findings imply that favourite location factors play an important role in
attracting firms to a science park. Locating a science park in a place with as many

favourite location factors as possible, therefore, is a good strategy. However, factors

favoured by one science park may differ from those of the others as they are decided by
the needs of the type of firms and industries a park targets. Park developers and
managers need to acquaint themselves with the needs of their target market, then seek
and create their park's favourite location factors accordingly.

8.1.2 Function of long-term advantages
Long-term advantages are the knowledge benefits and "milieu" benefits generated

from the integration and interactions of related actors within a physical proximity. T
enable firms to become more innovative and effective and lead to their long-term
competitiveness, therefore, sustained growth of spontaneous industrial clusters (see

Chapter 3). The present study argues that the integration and interactions of clusteri
firms and the advantages generated should function in the same way for science parks,
the planned industrial clusters. In-depth case studies of the Singapore Science Park,
Technology Park Malaysia and the Thailand Science Park found that only minimal
information in this aspect is available from any publication or document concerning
them. The literature about science park management from developed countries hardly
addresses this issue either. As a result, the investigation for the above argument was
conducted through analyzing the perceptions of tenant executives towards the needs
and/or expectations of knowledge-based firms from a science park as well as the
perceptions of park management executives towards science park KSFs. The findings
support the argument.
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Firstly, through probing the needs and/or expectations of knowledge-based firms
from a science park by interviewing tenant executives, the study found that knowledgebased firms prefer to work in an environment that enables them to be known and also to
be able to interact and co-operate with the other actors. This is exactly the type of
environment that generates knowledge benefits and "milieu" benefits, the long-term
clustering advantages. Tenant executives interviewed proposed park internal cooperation, park promotion, co-operation with universities and research institutes and

tenants of other science parks as factors attractive to knowledge-based firms. The reas
is that they are able to create added value for them. Among these factors, internal cooperation is a concern of most of the interviewees, 35 percent, making it ranked in the

top four of the factor list they proposed (see Chapter 6). This concern refers to the co
operation among tenant firms and park management, the core actors of a science park.
In addition, the opinions of tenant executives reflect that knowledge benefits and
"milieu" benefits are the values appreciated by knowledge-based firms. This is clearly
reflected in the following comments from two tenant executives.
"It is nice to be close to other technological talents. We can chat once in a while.
W e can exchange ideas. This benefits R & D . People with similar talents and traits
tend to group together. It is easier to be friends with people speaking the same
language".
"By locating in the park, we know what our neighbors do. If possible, make use of
the others' strength, which m a y complement or even add value to what you are
doing. If it works well, w e will work for our neighbor rather than looking outside.
This is where the park can help us in addition to doing day-to-day management
and providing the facilities".
Secondly, the opinions of park management executives indicate that the

integration and interactions together with the knowledge benefits and "milieu" benefits
thus generated are important for not only knowledge-based tenant firms, but also
science parks. They proposed the same factors, namely, park internal co-operation, park
promotion (marketing), co-operation with universities and research institutes and
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tenants of other science parks, as science park KSFs. Co-operation with universities and

research institutes received the highest frequency of referral, over 40 percent. It was
suggested to be able to create value for tenant firms through co-research and training
addition to tapping their facilities and graduates (see Chapter 6). These factors are
important for a successful science park operation because they are needed for the
development of knowledge-based firms, for which science parks are established to
support1. This is clearly elaborated by an executive from Technology Park Malaysia:
"You2 must create a lot of activities... There is no way that you can ignore all
these. If you ignore, you cannot achieve success. Companies will m o v e out of this
place because they can get the facilities in other places. A s time goes on, in a
digital economy, things are becoming m o r e virtual. They don't need a physical
office. If the infrastructure in the country is so good in the future, they don't need
to locate in a park if they don't get anything in the park. They don't just look at
infrastructure alone. It is not sufficient for them to stay in the park. If the
infrastructure in the country is good, they can have their office at their home... B y
putting their companies in the park just because of the infrastructure, m a y b e it is
ok at the beginning. But in the near future, if you use the same excuse, it is no
good. So infrastructure is just a basic facility... Tenants should work closely with
the park, and the park should be the leader, bringing these companies forward."
Apart from the above, investigation within the present study found that "related

and supporting industries", one of the determinants of Porter's "diamond" model for the

fertile environment for the development of spontaneous industrial clusters, is a KSF in

the context of the three science parks under this study. Key industries and sectors tha
can influence a park's performance include IT industry, government, universities and
research institutes, the financial sector, research equipment providers, and service

providers concerning technological expertise and equipment, business skills, secretaria

equipment, and the quality of life. Their high competence, strong support and assistanc

1

The study found that the number of park management executives and tenant executives proposmg tl
factors was smaller than that of those proposing favourite location factors such as good t
infrastructure and advanced technological infrastructure (see Table 6-5). This reflects the possibility
the importance of knowledge benefits and "milieu" benefits generated from the integration
interactions of related actors has not been as widely realized as that of favourite location factors.
2
" Y o u " refers to science park management.
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can facilitate a science park to achieve success (see Chapter 7). This indicates that the
operation of a science park needs to interact and integrate with a wide range of actors
rather than only park tenant firms and a park management team. Whether or not this can
be achieved will influence the growth of both a science park and its tenant firms. All
these imply that long-term clustering advantages that enable firms' long-term
competitiveness and the sustained growth of spontaneous industrial clusters function in
the same way for science park tenant firms as well as science parks.
The above two parts of analysis support the hypothesis - clustering advantages
leading to the formation and sustained growth of spontaneous industrial clusters
function in the same way for science parks in developing countries (Hypothesis 3).
Favourite location factors and the advantages they can bring are important for science
parks. They are the prerequisite for a science park to attract tenant firms. A park
management should know the needs of the type of firms and industries their park targets
before deciding what location factors are favourable for their park. However, attracting
knowledge-based firms to a park is only the first-step in the work of park management.

The reason is that firms will locate in that area sooner or later because of these favou
location factors even without a science park providing various support and incentives.
While searching and accumulating favourite location factors, park management should
make efforts to enable long-term clustering advantages to occur for tenant firms by

creating more opportunities for them to integrate and interact with other related actors.
On one hand, being planned industrial clusters, science parks have the obligation to
enable the occurrence of all types of advantages that spontaneous clustering can

generate. On the other hand, this is the right way to assist knowledge-based tenant firms
to achieve success as these long-term clustering advantages are able to enhance firms'
innovative capacity and long-term competitiveness. Such benefits are not easily
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available for firms located outside a science park, and therefore, they represent the
special advantages and values that a science park can offer its tenant firms. It will
benefit both tenants and parks if park management can incorporate benchmarking such

value creation for tenant firms into their operation. The visible manifestation for su
invisible values should be the widely knitted co-operative networks with actors both

inside and outside a park. The study suggests that a science park with such networks be
credited as being "dynamic".

8.2 Probing indicators for science park achievements
This part addresses the third research question: What should be regarded as the
achievements for government-driven park/campus-style science parks in developing
countries? The present study envisages that park achievements should be the concrete
targets directing the formulation of park management strategies and park managerial

efforts. Making clear this issue is important for the study in formulating an effective
model for science park management in developing countries. A review of the literature
indicates that there has only been a minimal amount of work done in this area. The

investigation for this research question, therefore, was conducted through interviewin
park management executives and tenant executives.
Both groups of interviewees were asked the open-ended question: "What do you
think science park achievements should be?" Sixteen indicators were proposed by park
management interviewees (two of them didn't provide any suggestion); 10, by tenant

interviewees. They are divided into three ranks according to their frequency of referr
"Most important", "Very important", and "Important". The most important ones were
those nominated by over half of the interviewees; the very important ones, by 25 to 50
percent of them; and the important ones, by less than 25 percent (Table 8-1 & 8-2).
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A m o n g the 16 indicators proposed by park management interviewees, three fall into the

most important rank; two, into the very important rank; and 11, into the important r
(Table 8-1). Opinions from tenant interviewees are less concentrated. Two of the 10

indicators they proposed are ranked as very important; eight, as important (Table 8-

Table 8-1. Indicators suggested by park management interviewees
_

N=17

Indicator

Frequency

%

12
10

71
59

9

53

6
5

35
29

4
3
3
3
2
2
2
2
2
1
1

24
18
18
18
12
12
12
12
12
6
6

Most important
1. No. of R & D results
2. No. of tenants
(No. of R&D/technological tenants - 50%)
3. Tenants' growth
Very important
4. Achievement of the park obj ective
5. No. of technology transfers
Important
6. Contribution to national economy
7. No. of employees in the park
8. Tenants' expenditure on R & D
9. Tenants' performance
10. Self-sustaining park management
11. Co-operation with industries
12. Co-operation with universities
13. Tenants satisfaction
14. Advanced technological infrastructure
15. Proportion of knowledge workers
16. Park occupancy rate
Note: T w o interviewees didn't provide any suggestion

Table 8-2. Indicators suggested by tenant interviewees
N = 20
Indicator
Very important
1. No. of R & D results
2. Advanced technological infrastructure
Important
3. Park publicity
4. No. of R&D/technological tenants
5. Good and convenient environment
6. Tenants' growth
7. Reasonable rental
8. Contribution to national economy
9. Proportion of knowledge workers
10. Financial incentive
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Frequency

%

8
6

40
30

4
4
4
4
3
3
2
2

20
20
20
20
15
15
10
10
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Table 8-3. Indicator classification according to interviewees
Indicator

A. Mutual
1. N o . of R & D results
2. Tenants' growth
3. N o . of R&D/technological tenants
4. Advanced technological facilities
5. Contribution to national economy
6. Tenant satisfaction
7. Proportion of knowledge-workers
B. Park management specific
1. Achievement of the park obj ective
2. N o . of technology transfers
3 N o . of tenants
4. N o . of employees in the park
5. Tenants'expenditure on R & D
6. Tenants' performance
7. Co-operation with universities
8. Co-operation with industries
9. Self-sustaining park management
1 O.Park occupancy rate
C. Tenant specific
1. Pleasant & convenient environment
2. Park publicity
3. Reasonable rental
4. Financial incentive

% of Frequency
]Frequency
Total Tenant
Park
Total Tenant
Park
N = 37 N = 20 N = 1 7 N = 37 N = 20 J«I= 17

54
35
24
22
19
14
8

40
20
20
30
15
15
10

71
53
29
12
24
12
6

20
13
9
8
7
5
3

8
4
4
6
3
3
2

35
29
29
18
18
18
12
12
12
6
20
20
15
10

12
9
5
2
4
2
1

6
5
5
3
3
3
2
2
2
1
4
4
3
2

Note: Tenant = tenant interviewees; Park = park management interviewees.

In order to have a thorough consideration of the opinions of park management
executives and tenant executives, the study pooled these indicators, and found that
altogether 21 indicators were proposed. They were classified into three groups
according to the categories of interviewees. The three groups have been termed
"Mutual", "Park management specific", and "Tenant specific" (Table 8-3). Details
about them are as follows.
Mutual group - This group includes seven indictors suggested by both groups of
interviewees. They are the number of R&D results, tenants' growth, the number of

R&D/technological tenants, advanced technological facilities, contribution to national
economy, tenant satisfaction, and the proportion of knowledge workers (Table 8-3).
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•

The number of R&D

results was suggested by 54 percent of the interviewees (71

percent of the park management interviewees and 40 percent of the tenant
interviewees). They can be in the form of patents, new products commercialized,
research publications, and new products that have reached local or international
markets. Successful commercialization of tenants' products can benefit the
country. As a science park's aim is to provide facilities and assistance for the
tenants' growth, tenants' success represents the park's success.
• Tenants' growth was raised by 35 percent of the interviewees (53 percent of the
park management interviewees and 20 percent of the tenant interviewees). It can
be represented by the number of knowledge-based tenants growing out of the
incubation stage and the number of graduates, that is, firms that have grown up
and moved out of a science park for independent operations.
• The number of R&D/technological tenants was proposed by 24 percent of the
interviewees (29 percent of the park management interviewees and 20 percent of
the tenant interviewees). Science parks aim at assisting knowledge-based firms,
and therefore, the number of R&D/technological tenants should represent park
achievement.
• Advanced technological facilities were suggested by 22 percent of the
interviewees (12 percent of the park management interviewees and 30 percent of
the tenant interviewees). They refer to both R&D equipment and IT facilities,
which are expected to be state-of-the-art.
• Contribution to national economy was raised by nearly one fifth of the
interviewees (24 percent of the park management interviewees and 15 percent of
the tenant interviewees). It can be the proportion of GDP contributed by a park as
a result of commercializing R&D results, tenants' output, or reduced import.
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•

Tenant satisfaction was mentioned by 14 percent of the interviewees (12 percent

of the park management interviewees and 15 percent of the tenant interviewees). It
can be evaluated with tenants' comments towards the quality of park services in
various aspects (including the time of responding to tenants' requirements), the
number of tenant complaints, and the number of tenants who leave because of
dissatisfaction.
• The proportion of knowledge workers was proposed by 8 percent of all the
interviewees.
Park management specific group - This group has 10 indicators proposed by only
park management interviewees. They are achievement of the park objective, the number
of technology transfers, the number of tenants, the number of employees in the park,

tenants' expenditure on R&D, the tenants' performance, co-operation with universities

co-operation with industries, self-sustaining park management, and the park occupancy
rate (Table 8-3).
• Achievement of the park objective was suggested by 35 percent of the park
management interviewees. As different parks may have different objectives, park
performance should be in line with its objective.
• The number of technology transfers was proposed by 29 percent of the park
management interviewees. The reason provided is that a science park is expected
to be a mechanism for technology transfers. The transfers can occur on both
domestic and international level.
• The number of tenants was also raised by 29 percent of them.
• The number of employees in the park, the tenants' expenditure on R&D, and the
tenants' performance were all suggested by 18 percent of the park management
interviewees. The reason for proposing the tenants' expenditure on R&D is that
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expenditure on R & D is k n o w n to have a positive relationship with performance.
The tenants 'performance can be represented by sales, export and financial return.
• Co-operation with universities was put forward by 12 percent of the park
management interviewees. It refers to that between universities and tenants
bridged by a park. Co-operation can be set up in such fields as human resources
development and co-operative research.
• Co-operation with industries was suggested by 12 percent of the park
management interviewees. It can be a park providing technical services to
industries such as technological analysis, quality control, quality improvement and
technological expertise assistance as well as the industrial sector's willingness to
join the activities of the park.
• Self-sustaining park management was also raised by 12 percent of the park
management interviewees. It refers to park operation independent from the public
fund. The government invests in land and the establishment of a science park.
Park operation is expected to sustain itself.
• The park occupancy rate got one referral.
Tenant specific group - This group includes four indicators suggested by only
tenant interviewees. They are a pleasant and convenient environment, park publicity,
reasonable rental, and financial incentive (Table 8-3).
• A pleasant and convenient environment and park publicity were raised by 20
percent of the tenant interviewees. As for park publicity, it was suggested that
park management should make an effort to promote their park in order to
publicize it and build up its image. A park should connect its tenant firms with the
outside world. Prestigious events such as high level conferences can be hosted foi
this purpose.
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•

Reasonable rental was put forward by 15 percent of the tenant interviewees. The

rental should encourage R&D firms to move in as they usually have bright ideas
rather than a lot of capital.
• Financial incentive was mentioned by 10 percent of the tenant interviewees.
The above presentation reflects that some indicators suggested by the
interviewees, such as that in the tenant specific group, are actually expectations or
to be met by science parks rather than park achievements. It is necessary, therefore,

further classify these indicators according to their nature so as to select those that
reasonably represent park achievements. The above indicators were divided into three
categories as a result. They are termed "outputs group", "status group", and "needs
group" (Table 8-4). Achievement of park objective, one of the indicators suggested by
park management interviewees, is excluded as it is actually embodied in the concrete
contents represented by the indicators in the outputs group.
Outputs group - This group includes four indicators. They are the number of
R&D results, tenants' growth, contribution to the national economy, and the number of

technology transfers. As reflected by their connotations, they represent the results o
both park's and tenants' efforts. The quantity and/or volume of such results increase
with time and effort.
Status group - Nine indicators fall into this group. They are the number of
R&D/technological tenants, tenant satisfaction, the proportion of knowledge workers,

the number of tenants, the number of employees in the park, the tenants' expenditure on
R&D, the tenants' performance, self-sustaining park management, and the park
occupancy rate. They are better to be used to describe a park's temporary operational
status because their quantity, volume or status may fluctuate with factors other than
park's and tenants' efforts, for example, firms moving in and out for any reason.
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Table 8-4. Indicator classification according to characters
Indicators Proposed

A. Outputs
1. N o . of R & D results
2. Tenants' growth
3. Contribution to national economy
4. N o . of technology transfers
B. Status
1. No. of R&D/technological tenants
2. Tenant satisfaction
3. Proportion of knowledge-workers
4. N o . of tenants
5. N o . of employees in the park
6. Tenants'expenditure on R & D
7. Tenants' performance
8. Self-sustaining park management
9. Park occupancy rate
C. Needs
1. Advanced technological facilities
2. Pleasant & convenient environment
3. Park publicity
4. Reasonable rental
5. Financial incentive
6. Co-operation with universities
7. Co-operation with industries

% of Frequency
Total Tenant
Park
N = 37 N = 20 N = 1 7

Frequency
Total
N = 37

Tenant
N = 20

Park
N=17

54
35
19

40
20
15

71
53
24
29

20
13
7

8
4
3

12
9
4
5

24
14
8

20
15
10

29
12
6
29
18
18
18
12
6

9
5
3

4
3
2

5
2
1
5
3
3
3
2
1

22

30
20
20
15
10

12

8

6
4
4
3
2

2

12
12

2
2

Note: 1. Tenant = tenant interviewees; Park = park management interviewees.
2. Achievement of the park objective suggested by park management interviewees is
not included as it is embodied in the indicators in the outputs group.

Needs group - This group has seven elements. They are advanced technological
facilities, a pleasant and convenient environment, park publicity, reasonable rental,
financial incentive, co-operation with universities, and co-operation with industries.
These elements are actually the means needed by either tenant firms or park
management for their work. This judgement is supported by the finding that all of them
are among either those science park KSFs proposed by the park management executives
or those factors attractive to knowledge-based firms suggested by the tenant executives
(see Chapter 6). This group of elements, therefore, is excluded from further analysis
concerning science park achievements.
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A m o n g all the indicators in the outputs and status groups, the most widely

suggested by both groups of interviewees is the number of R&D results. It is followe
by tenants' growth. Both are in the outputs group. The other two indicators in the
outputs group, namely, contribution to the national economy and the number of
technology transfers, also have a higher frequency of referral than most of those in

status group (see Table 8-4). These reflect that park outputs tend to be widely suppo

as park achievements. Besides, as analyzed above, the quantity and/or volume of thes

park outputs increase with time and effort. The quantity, volume or status of the res

represented by the indicators in the status group may fluctuate with factors other th

the park's and tenants' efforts. These confirm that park outputs can be appropriatel

regarded as park achievements. Most of them are actually from tenant firms. Only the
number of technology transfers is less related to them as transfers may occur among

outside actors. Indeed it is only within the concern of the park management interview

(see Table 8-4). This means that science park achievements are mostly embodied in th
tenants' achievements and developments. This is in agreement with the key task of

science parks, which is to assist the growth of knowledge-based firms and knowledgeintensive activities.

Indicators in the status group generally get less referral than those in the outputs

group except for the number of R&D/technological tenants, which is ranked in the top

three among all the indicators proposed (see Table 8-4). This shows the importance o

R&D/technological tenants for science parks. As science park achievements are mostly
embodied in tenants' achievements and developments, R&D/technological tenants

obviously are the key source for them. In this sense, the number of R&D/technologica

tenants is more important than the number of tenants and the park occupancy rate. Fo
the same reason, the proportion of knowledge-workers is more important than the
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number of employees in the park. Their frequency of referral supports this suggestion
(see Table 8-4).
The above findings suggest that it is appropriate to regard park outputs as park
achievements in the context of the three science parks under this study. They include
number of R&D results, tenants' growth (either growing out of the incubation stage or
graduation from a park for independent operation), contribution to the national
economy, and the number of technology transfers. This provides part of the working

direction for government-driven park/campus style science parks in developing oriented
economies. The study suggests that park management should direct their efforts in
formulating and applying management strategies for more achievements. And park
achievements should be used to evaluate the effectiveness of science park management.
This will lead to the maximization of the economic benefits of the investment in a

science park. Although the study won't suggest these indicators in the status group as
park achievements, some of them do provide good suggestions in terms of how to
operate a science park. They include targeting R&D/technological tenants, providing

proper assistance and services to tenant firms so that they are happy to work in their

park, and trying to achieve self-sustaining park management. They should also be taken
into consideration in formulating park management strategies.

8.3 Summary and conclusion
This chapter presents the investigation on two issues, the third hypothesis and the

third research question of the study. The hypothesis - clustering advantages leading t
the formation and sustained growth of spontaneous industrial clusters function in the

same way for science parks in developing countries (Hypothesis 3) - is supported by th
investigation within the context of the Singapore Science Park, Technology Park
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Malaysia and the Thailand Science Park. Findings indicate that both types of clustering
advantages, namely passive advantages generated from favourite location factors and
long-term advantages emerged from the integration and interactions of related actors,
function in the same way for these science parks.
Favourite location factors together with the advantages they can bring about play
an important role in attracting knowledge-based firms to a science park, as do for
spontaneous industrial clusters. However, factors favoured by one park may be different
from those of the others because they are decided by the needs of tenant firms. This

implies that a park should know the needs of the type of firms and industries its target
before searching and establishing its favourite location factors. This will make a
selected park site and the concerned investment effective for a park operation. On the

other hand, the types of favourite location factors that a science park have are relate

the types of tenant firms that the park can procure. Therefore, favourite location fact
should be part of science park management strategies.
Knowledge benefits and "milieu" benefits, the long-term clustering advantages
that lead to the sustained growth of spontaneous industrial clusters, are the
incomparable value that a science park can provide for its tenant firms. A science park

presents a potential environment for the integration and interactions of tenant firms w
related actors both inside and outside the park, which enables such benefits to emerge.
Such an environment is desired by knowledge-based firms as it is able to create values

for them, but usually it is not easily available for firms located outside a science par
Extensively combining co-operative networks is the way to realize this potential.
However, it appears that the importance of knowledge benefits and "milieu"
benefits has not yet been widely realized in the filed of science park management. Most
of the literature concerned from developed countries emphasizes the importance of
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favourite location factors and the advantages that they can bring about, rather than the
importance of knowledge benefits and "milieu" benefits in science park operations (see
Chapter 4). Fewer park management interviewees and tenant interviewees of the present
study suggested factors that can generate long-term clustering advantages to be
important for science parks and park tenants compared with those nominated favourite
location factors (see Chapter 6). This study suggests science park management

incorporate benchmarking long-term value creation for tenant firms into park operation.

The manifestation for such invisible values for firms' long-terms competitiveness is th
extensive co-operative networks with actors both inside and outside a park.
The investigation for the third research question concerning the achievements of
government-driven park/campus-style science parks in developing countries was
conducted through interviewing park management executives and tenant executives.
Findings suggest that park outputs can be appropriately regarded as prime park
achievements. Major outputs include the number of R&D results, tenants' growth
(either grown out of the incubation stage or graduated from a park for independent
operation), contribution to the national economy, and the number of technology

transfers. This indicates that a science park should direct its management strategies a

efforts in carrying out more outputs. This is in agreement with the key task of science
parks, which is to assist the growth of knowledge-based firms and knowledge-intensive
activities. As most park outputs are embodied in the achievements and developments of
tenants firms, knowledge-based firms should be the target for tenant recruitment. The
study suggests that the effectiveness of park management be evaluated with park
outputs.
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Chapter 9
A Developing Economy Oriented Model for Science Park Management

This chapter outlines a developing economy oriented model for science park

management, which is formulated on the basis of the analysis presented in the previou

chapters. The type of parks targeted by the model are those property-based initiative

with an organizational entity established to assist the growth of knowledge-based fir

normally resident on site and knowledge-intensive activities. The model is composed b

four interrelated and interactive determinants. They are "favourite location factors",
professional management team", "strategic micro-management" and "supportive macro-

environment" (Figure 9-1). While it would be difficult for a park to operate well wit

any of them, the model draws attention to the importance of the effective interaction
between them in order to achieve a park's success. The following part elaborates the

functions of each of these four determinants of the model as well as the way of their
interactions.

9.1 Favourite location factors
Science parks, as defined by the present study, are property-based initiatives
established to assist the growth of knowledge-based firms and knowledge-intensive

activities (see Chapter 2). This implies that a science park should be sited in a pla
which knowledge-based firms and knowledge workers are fond of. To achieve this, a

park needs to present itself as an attractive "hotbed" for the development of knowled
based firms, which normally have large proportions of knowledge-workers. Otherwise,

it will be difficult for a park to attract the type of firms it intends to assist. An

subsequent result is that it will be difficult for the park to achieve its objective.

240

Chapter 9. A Developing Economy Oriented Model for Science Park Management

Figure 9-1. A developing economy oriented model for science park m a n a g e m e n t
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Favourite location factors desired by knowledge-based firms and knowledge
workers center two aspects. They are the quality of life and the ingredients for
knowledge work. The quality of life, both inside and outside a park, is required by
knowledge workers and their families. A park will have difficulty in getting knowledge-

based firms if knowledge workers or their families are not happy with the quality of lif
around them. What comprises such the quality of life is a good basic infrastructure
including quality and convenient housing, public schools, transportation, restaurants,
motels, post offices, banks, and recreational facilities. A pleasant and convenient inpark environment is an important part of the quality of life. It includes, for example,

green environment, sufficient cafeterias and car parking area, well-arranged gardening,
air-conditioning, lighting, security, and mapping.
The ingredients for knowledge work include advanced IT and R&D facilities,
universities with significant science, technology and management programs, research
institutes, and a sufficient skilled and specialized labour force. State-of-the-art IT
facilities have become working tools for all knowledge-based firms. They should be
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part of the infrastructure that a science park provides for its tenant firms. W h a t other
R&D facilities or equipment that should be installed in a park depends on the needs of
those knowledge-based firms targeted by the park. Research institutes and universities
with significant science, technology and management programs will help a park to meet

its tenants' needs concerning expertise and facilities. A skilled and specialized labour
force is the major type of human resources required by knowledge-based firms.
The availability of the above two groups of location factors is the prerequisite for
a science park to attract knowledge-based firms. It is important that a science park

should select a strategic location with as many of these favourite factors as possible.

will be efficient for a park to make use of the factors available from other sectors ra
than installing every factor inside a park. Whether this can be achieved depends on

whether the sectors concerned are willing to co-operate with the park. Besides, favouri
location factors are decided by the needs of park tenant firms. Park management should
be aware of the needs and requirements of their target market before searching and
creating favourite location factors. This will make the park site selected and the

favourite location factors installed effective for the park operation. The optimal natu
of favourite location factors for a park, therefore, depends on the other three
determinants of the model: a professional management team, strategic micromanagement and a supportive macro-environment.

9.2 A professional management team
A professional management team plays an important role in the successful
operation of a science park. The types of professionals needed are decided by the

character and task of a science park. Science parks are industrial properties (see Chap
2). This indicates that a science park management team requires professionals for the
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operation of an industrial property. They include expertise in the fields of property
management, marketing and sales, finance and accounting, human resources and
general administration. A well-managed property is an important part of the assistance
that a science park provides for its tenant firms. As science parks are established to
assist knowledge-based firms and knowledge-intensive activities, this mission

distinguishes them from other industrial properties by positioning them at the higher en
of the spectrum of knowledge-intensiveness (see Chapter 2). Professionals catering for
the needs of knowledge-intensive activities, such as technological expertise, are
necessary. Easy access to them can be helpful if a park cannot have them inside their
operational team. For example, knowledge-providers and/or creators can be park anchor
tenants or neighbors (see Chapter 4 and 6). A co-operative relationship with them
should be set up so that tenant firms can easily get their assistance.
Apart from the above, the importance of a professional park management team

lies in the fact that it is directly related to the conditions and functions of the othe
deterrninants of the model for science park management. Firstly, a park management
team is involved in the work of planning, searching and installing favourite location
factors. They can significantly influence the decision as to what location factors are

necessary for their park, and what factors need to be further constructed either inside o
outside the park. Whether their suggestion/decision is correct, and therefore, effective
directly related to their professional knowledge and skills. Secondly, a park's
management strategies are formulated and applied by park management team. How
strategic they are, again, reflects the professional knowledge and skills of the team
members and influences the performance of their park. Thirdly, support and assistance

from various sectors, industries, even society itself won't come to a park automatically.
Managerial efforts and strategies are needed in order to win their support and co-
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operation. Obviously, there is a positive relationship between the level of support a park
can get and the professional skills and efforts of the park management team. A science
park can hardly achieve success without a fully committed and highly professional
management team.

9.3 Strategic micro-management
The model suggests five key strategies for science park micro-management. They

are having good initial preparation and orientation, advocating park objective, targeti
park achievements, extensively combining co-operative networks, and having a tenantoriented working style.
(1). Having good initial preparation and orientation - This strategy suggests a
science park should carry out three KSFs before being opened to the public. They can
greatly influence a park's development and performance. These three KSFs are

sufficient financial resources, familiarity with the market, and a flexible physical la
• Sufficient financial resources: Whether a science park can get sufficient financial
resources will decide whether the park can be established and developed well.
There are three reasons for this. Firstly, experiences reflect that it usually takes a
long time for the investment in a science park to get a return, especially if a park
starts from scratch (see Chapter 4 and 6). Therefore, a science park can hardly be
self-sustaining in both its physical development and management within a few
years of operation. This can be easily understood. Science parks, particularly
government-driven schemes, are not commercial properties, but part of the
technological infrastructure established for the purpose of boosting economic
development (see Chapter 2). Directed by such a mission, science parks cannot be
profit-oriented. Their properties cannot be simply leased to any firm who wants to
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locate inside and w h o can afford the rental. They have to assist the types of
knowledge-based firms that they target, which in most cases will relate to their
national S&T policies. Science parks are usually supply-pushed schemes, which
normally face limited demand at the initial stage. This leads to a slow intake of
tenant firms during the first few years of park operation (see Chapter 4 and 6).
Financial resources are needed to stimulate demand. This implies extra spending
in incentives for knowledge-based firms (for example, subsidized rental and
grants) and the managerial efforts concerned.
Secondly, operating and managing a science park for the mission of boosting
economic development through assisting knowledge-based firms is a piece of
challenging work. A fully committed and highly professional management team is

a critical determinant for a park's success. Financial resources are needed in ord
to have such a competent team established and to assist their work.
Thirdly, small knowledge-based firms and entrepreneurs need venture capital in

order to start up. However, it is difficult for them to get traditional venture ca

The reason is that traditional venture capital is profit-oriented, and usually goe
businesses with good records, which small knowledge-based firms and
entrepreneurs don't have. In addition, knowledge-intensive activities have a high

risk, and therefore, are shunned by private venture capitalists. Special financial
support for them is necessary (see Chapter 4 and 6). Park sponsor(s) and/or
developer(s) should realize and be ready for these before a decision for park
establishment is made.

Familiarity with the market: Familiarity with the market is a necessary step in th

work for any project as long as it has a product or service to sell. Science parks

"sell" (lease) properties and services although not for profit. Being familiar wit
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the market needs and requirements for the properties and services that they offer
are important for their operation. Before starting park construction, a feasibility
study should be conducted to identify the potential market segments, factors
attractive to them and their requirements in various aspects concerned such as
properties, services and support. This lays the ground for a further park
development plan and the formulation of park management strategies (see Chapter
4 and 6).
• A flexible physical layout: Science parks are established to assist the growth of
knowledge-based firms. Normally, they have to deal with the growth (from small
to large scales) and movement of tenant firms (in and out) like a school dealing
with students. Property requirements from different firms can hardly be the same.
It is important, therefore, for a park to have a flexible physical layout for both
internal building structure and external landscape. This is the effective way for a
park to adapt to various property requirements of its tenant firms (see Chapter 4
and 6).
(2). Advocating park objective - Science park schemes have various specific

objectives (Chapter 2). It is important for a park management team to make clear their
park objective(s) so as to formulate management strategies accordingly. The grand
objective of the type of parks served by this model is to boost economic development
through assisting knowledge-based firms and knowledge-intensive activities. A park
management team should realize that no matter how committed and professional they
are, their own capacity is limited to achieve such an objective. Actively and widely
advocating the objective will enable a park to get more co-operation and support from
various sectors and industries, which are necessary in order for a park to achieve
success.
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(3). Targeting park achievements - Park achievements are the concrete targets for
park managerial efforts. While making efforts for the grand objective of boosting
economic development through assisting knowledge-based firms and knowledgeintensive activities, a park management team should be clear as to what are expected to
be their park's achievements. Formulating management strategies accordingly can
maximize the benefits of the investment in a science park. The model suggests that the
achievements of government-driven park/campus style science parks in developing
oriented economies be park outputs. They include the number of R&D results, tenants'
growth (either grown out of the incubation stage or graduated from a park for
independent operation), contribution to the national economy, and the number of
technology transfers (see Chapter 8).
(4). Extensively combining co-operative networks - Extensively combining cooperative networks with various industries and sectors for tenant firms can increase the
opportunities for them to integrate and interact with related actors. This will enable
knowledge benefits and "milieu" benefits to occur for them, which can then enhance the
firms' innovative capacity and effectiveness, and lead to their long-term
competitiveness (See Chapter 3 and 8). These are the unique values that a science park
can create for its tenant firms, as they are usually out of the reach of dispersed firms
outside a science park, and will take a longer time to emerge from spontaneous
clustering. The model suggests that a park management team incorporate extensively
combining co-operative networks for knowledge-based tenant firms into their operation.

Industries and sectors that can be taken into consideration include industries in relat

technological fields, IT industry, universities/research institutes, the financial secto
research equipment providers, service providers for the quality of life, other science
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parks, government, technological service providers, business consultancy/service sector,
secretarial service providers and industrial parks.
(5). Having a tenant-oriented working style - The key task of a science park is to

assist knowledge-based firms and knowledge-intensive activities. Meeting their needs is
one of the ways of assisting them well. The needs of knowledge-based firms and
technological entrepreneurs generally include technological assistance, financial

support, managerial skills, and secretarial services (see Chapter 4 and 6). Technologica

assistance includes both expertise and facilities. Financial support can be in the form

venture capital, grants, and subsidized rentals. They are helpful for knowledge-intensiv
activities, which are usually capital intensive, but shunned by traditional venture
capitalists. Managerial skills are needed as small knowledge-based firms, especially
start-ups, usually have more technologists, who hardly have managerial training, while
managerial skills are necessary for the growth of their ventures. Secretarial services

refer to those concerning phone, fax, copier, and stationery. A pool of such services ca
help to reduce the firms' cost (see Chapter 6). These support and services are not
exclusive, nor necessarily needed by all park tenant firms. They may have various
requirements at any time. It is important that a park management team be close to them
so as to know who needs what and to provide timely support. Without being aware of
their needs, a science park can hardly assist them well.
The above management strategies can facilitate a science park to achieve success.
However, applying them effectively and efficiently cannot be separated from the other
three determinants of the model. Firstly, these management strategies cannot be
effective for a science park located at a place without sufficient favourite location
factors as it cannot attract knowledge-based firms to work inside. Secondly, planning
and applying these strategies are the work of a park management team. The professional
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knowledge and skills of the team members directly influence the result of these
strategies. Thirdly, as mentioned above, a science park needs to create wide co-

operative networks for tenant firms in order to create more values for them. In order to
achieve this, support and co-operation from various sectors are needed. Therefore, a
supportive macro-environment is necessary.

9.4 Supportive macro-environment
Small knowledge-based firms, start-ups and entrepreneurs need various assistance
and support for their development. It is normal that a science park management team

may not be able to provide all of them, but it won't be efficient if a park invests in w
the park doesn't have, and what the other industries or sectors do have. Co-operation

and support from various related and supporting industries and sectors are necessary fo
a science park to provide effective and efficient assistance and support to its tenant
firms. Government is the key player in constructing such a supportive environment for
its science park established for the purpose of economic development. It can also
influence and monitor the conditions of the above three determinants of the model for
science park management. For example, a government can help to secure a strategic
park site with as many favourite location factors as possible, and enable more factors
be installed. It can provide financial support for park development and management,
and encourage technological entrepreneurs and knowledge-based firms with various
incentives. Besides, the organizational structure and the quality of a park management
team can be the direct result of government regulations as science parks in developing
countries are mostly established by their governments (see Chapter 2 and 6). Therefore,

fhe successful operation of a science park in a developing oriented economy is the resu
of the mutual efforts of a park management team, government, and related and
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supporting industries and sectors. Encompassing a science park into a government
policy framework and enacting concrete measures to assist the development of both

park and knowledge-based firms and industries will allow the science park to achieve it
objective.

9.5 Summary and conclusion
This chapter presents the developing economy oriented model for science park
management formulated based on all the research activities conducted and presented in
the previous chapters. The model has four interrelated and interactive determinants.
They are "favourite location factors", "a professional management team", "strategic
micro-management" and "supportive macro-environment". Jointly they lay the ground
for a potentially successful science park management.
Favourite location factors enable a park to present itself as a good place for the
growth of knowledge-based firms, and therefore, attract them to a park. Such factors

include those that compose the quality of life, both inside and outside a park, and the
ingredients for knowledge work. The ingredients for knowledge work include advanced
IT and R&D facilities, universities with significant science, technology and
management programs, research institutes, and a sufficient skilled and specialized
labour force. Park management should know the needs of the type of firms and

industries that its park targets before searching and installing their favourite locat
factors.
A professional management team for a science park should include all types of
expertise concerned with the operation of a high quality industrial property and for
assisting the growth of knowledge-based firms and knowledge-intensive activities. Easy

access to the needed technological expertise can be helpful if it is not available fro
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park management team. The quality and commitment of the team directly influence the
performance of a science park.
Strategic micro-management includes five strategies. They are having good initial
preparation and orientation, advocating park objective, targeting park achievements,
extensively combining co-operative networks, and having a tenant-oriented working

style. Sufficient financial resources, familiarity with the market, and a flexible physi
layout are the three KSFs, which when carried out will lay a good foundation for the
operation of a science park. Actively advocating the park's objective for boosting
economic development will enable a park to get more co-operation and support from
various sectors and industries. Targeting at park achievements will help to maximizing
the benefits of the investment in a science park. Extensively combining co-operative
networks for tenant firms can create more values for tenant firms, and enhance the

firms' innovative capacity, effectiveness and competitiveness. As different tenant firms
may need different types of assistance at a particular time, having a tenant-oriented
working style and providing timely support should be the principle of park
management.
A supportive macro-environment composed of the co-operation and support from
various related and supporting industries and sectors is necessary for a science park to
provide efficient and effective support and assistance to its tenant firms. Government
plays an important role in constructing such a supportive environment for its science
park established to promote economic development. Encompassing a science park into a
policy framework and enacting concrete measures for assisting the development of both
park and knowledge-based firms and industries will allow the science park to achieve its
objective.
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The model suggests that a successful science park operation in a developing

oriented economy results from the effective interactions of the above four determinates.
Firstly, favourite location factors are the prerequisite for a science park to attract
knowledge-based tenant firms. Without them, a park will have difficulty in recruiting

tenant firms, and it will be difficult for the other three determinants to function well
Secondly, a professional management team will influence the appropriateness of the

decision in terms of what location factors are necessary for their park, and what factor
need to be further installed either inside or outside the park. Their professional
knowledge and skills will decide whether the park management strategies can be
applied effectively and efficiently as well as to what level of support and assistance
park can get from various sectors and industries. Thirdly, the park management
strategies proposed by the model cannot be effective for a park without sufficient
favourite location factors to attract knowledge-based firms, or without a professional
and committed management team to carry them out, or without the support and cooperation from various sectors and industries. Fourthly, a park's success cannot be
separated from a supportive macro-environment. However, without anyone of the other
three determinants, no matter how supportive the government, related sectors and
industries are, a science park still cannot achieve its objective of promoting economic
development through assisting the growth of knowledge-based firms. Therefore, the
absence of anyone of these four determinants or the effective interactions among them
will make it difficult for a science park in a developing oriented economy to achieve
success.
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Conclusion

This research project has been driven by the need to formulate a guideline for the
establishment and management of science parks in developing countries. Major
research activities focus on understanding the KSFs for science parks in developed

countries and the factors leading to the development of spontaneous industrial cluster

proposed by the literature and investigating whether they are appropriate in guiding t
establishment and management of science parks, the planned industrial clusters, in
developing countries. A qualitative approach with in-depth case studies and an

exploratory study via interview was applied. Cases selected were the Singapore Science
Park, Technology Park Malaysia and the Thailand Science Park, three governmentdriven park/campus-style schemes established at the developing stage of these
economies.
The investigations throughout the study reflect that some management strategies
are common for parks irrespective of the status of a country's economic development,
while others are more dependent on specific environmental factors. Science parks

should be able to benefit developing countries in principle, however, the time it will
take to achieve this and how well the parks can perform would seem to depend on the
interaction of micro and macro factors resulting from two levels of management: the
national policy level and the science park organizational level. Findings within this
research project have led to the formulation of a developing economy oriented model
for science park management.
As the conclusion of the thesis, this chapter provides an overview of the research
questions and hypotheses, synthesizes the research findings and result, and elaborates
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on the key implications for policy makers and park managers in developing countries. It
also suggests the significance of the study and topics for further research.

10.1 Overview of the research questions and hypotheses
The study targets three objectives. They are the understanding of the management
strategies for science parks in developed countries and the factors that enhance

spontaneous industrial clusters and their application to the formulation of a developi
economy oriented model for science park management. Accordingly, three research

questions were established based on the findings from the literature. The first one is

Are the management strategies for science parks in developed countries appropriate for
science parks in developing countries? The second one is: Can the factors enhancing
the development of spontaneous industrial clusters guide the management of science
parks in developing countries? The third one is: What represent the achievements of
government-driven park/campus-style science parks in developing countries? The
following part presents an overview of the establishment of these questions.
Research question 1 - Are the management strategies for science parks in
developed countries appropriate for science parks in developing countries? The first

science park emerged in the U.S. in 1951, in Europe in 1972, and in the Asia Pacific i
the early 1980s. Most parks established before the early 1980s were university-driven
schemes serving university-oriented objectives such as capitalizing land and research
results, encouraging academic entrepreneurship, enhancing university-industry cooperation, and creating employment for graduates. Government-driven schemes are the
mainstream type of parks from the early 1980s. Encouraged by the economic boom of
successful science parks and the dynamic spontaneous high-tech industrial clusters of
the 1970s, governments have become science park initiators and developers. Although
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driven b y different national scenarios, they have all intended to use the science park as
a mechanism to assist the growth of knowledge-based firms and knowledge-intensive

activities in order to boost their economies. This has led to the worldwide acceleration
of the science park phenomenon.
Almost all science parks within developing countries have appeared since the
early 1980s. A large proportion of them including the early ones are situated in Asia.
Efforts have been made to transfer the experiences and management strategies of parks
in developed countries to the parks in developing countries. However, it is not certain
whether these efforts have been appropriate. On one hand, the literature reflects that
there is a high failure rate of parks in developed countries such as in the U.S. On the
other hand, no study has been found examining whether the experiences and
management strategies of parks in developed countries are appropriate for parks in
developing countries. There is also a lack of framework to guide the establishment and
management of science parks in developing countries. The present study has, therefore,

targeted its first research question at investigating whether the management strategies
for parks in developed countries are appropriate for parks in developing countries.
The literature presents the features of three major types of science park schemes.

They are the park/campus style, the center/incubator style and the city/region style. Th
park/campus style appears to be appropriate for the present study as it has an
organizational entity and a management team, and is the most popular style worldwide.
Major studies about science park management also reflect the experiences of this type
of schemes in such developed countries as North America and Europe. Science park
KSFs they nominate fall into three aspects. They are park location factors, park
preparation, and a professional management team. For such an organizational type of
science park scheme, the study would suggest that micro-managerial strategies for
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parks in developed countries be applicable to parks in developing countries as long as
they are of the same type of scheme, however macro requirements for their successful
operation may be different. This is turned into the first hypothesis of the study.
Research question 2 - Can the factors enhancing the development of spontaneous
industrial clusters be used to effectively guide the management of science parks in
developing countries? Spontaneous industrial clusters are the result of the natural
behaviour of industries. The formation of some of them can be traced back to hundreds
of years ago. The economic boom through the 1970s that pertained to some of the
dynamic spontaneous high-tech industrial clusters such as Silicon Valley, Route 128,
and the Cambridge Phenomenon contributed to governments' enthusiasm for
establishing planned industrial clusters. They have tried to mimic the dynamics found
in these models for the purpose of developing their economies. Planned schemes,
although in various scales, can be found to be all classified as science parks in some

literature, and spontaneous industrial clusters and science parks are often discussed a

similar schemes. However, there is little evidence that the application of the literatu
about spontaneous industrial clusters to science park management exists.
The literature reflects that two types of clustering advantages explain the
clustering behaviour of industries. One is generated from being within the physical

proximity to favourite location factors; the other, from the integration and interactio
of related actors within a physical proximity. Favourite location factors with the

advantages that they can bring attract firms to a certain area, and lead to the formatio
of a spontaneous industrial cluster. Advantages generated from the integration and
interactions of related actors are knowledge benefits and "milieu" benefits manifested
with easier knowledge transmissions and spill overs, mutual trust, economic
integration, and effective management. They can enhance firms' innovative capacities,
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effectiveness and their long-term competitiveness, and can therefore lead to the
sustained growth of spontaneous industrial clusters.
Empirical studies about spontaneous industrial clusters in developing countries of

Latin America and Asia reflect that clustering also benefit firms and entrepreneurs over
there. Both types of clustering advantages can be found from their experiences. The
performances of clustering firms are much better than those of dispersed firms. This
implies that promoting the development of planned industrial clusters, including
science parks, to assist the growth of knowledge-based firms in developing countries is
a right objective. Besides, it appears reasonable to apply the literature about
spontaneous industrial clusters to the management of science parks in developing

countries. The second research question of the study, therefore, targets the investigati
of whether the factors enhancing the development of spontaneous industrial clusters can
guide the management of science parks in developing countries.
In regard to the factors enhancing the development of spontaneous industrial
clusters, Porter's (1990) "diamond" model emerges to be a systematic and extensive
study, which is widely acclaimed and cited. His model has six mutually dependent
ingredients. They are "factor conditions", "demand conditions", "related and supporting
industries", "firm strategy, structure and rivalry", "chance" and "government". Porter
(1990) suggests that their favourite conditions and interactions compose the fertile
environment for the development of spontaneous industrial clusters.
Based on these findings, the study has established two hypotheses for the

investigation of the above research question. The first one is that the fertile environm

for the development of spontaneous industrial clusters proposed by the literature is ab
to play a guiding role in the management of science parks in developing countries
(Hypothesis 2). The second one is that clustering advantages leading to the formation

257

Chapter 10. Conclusion

and sustained growth of spontaneous industrial clusters function in the same w a y for
science parks in developing countries (Hypothesis 3).
Question 3 - What should be regarded as the achievements for governmentdriven park/campus-style science parks in developing countries? The literature about
science park management in developing countries is very limited. No study has been
found probing what should be the achievements of government-driven park/campus-

style science parks, the major type of parks in developing countries, which is the targ
of the present study. The study envisages that park achievements are the concrete

targets directing park managerial efforts and management strategies. It is important to

clarify this issue for its formulation of an effective model for science park managemen
in developing countries. The study, therefore, has been designed to explore this issue
through interviewing park management executives and tenant executives.

10.2 Findings of the study
Investigations for the hypotheses and research questions of the study were
conducted through in-depth case studies on three science parks and an exploratory
study via interview to probe key issues that are not available in the literature. The
parks selected are the Singapore Science Park, Technology Park Malaysia, and the
Thailand Science Park, which are all government-driven park/campus-style schemes
initiated and established in an economy at its developing stage. A summary of the
major findings for each of the research questions is presented as follows.
Research question 1 - Are the management strategies for science parks in
developed countries appropriate for science parks in developing countries? The
investigation for this research question was conducted through testing the hypothesis
micro-managerial strategies for science parks in developed countries are applicable to
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science parks in developing countries as long as they are of the same type of scheme,
however macro requirements for their successful operation m a y be different
(Hypothesis 1). It was carried out through examining whether the K S F s for science
parks in developed countries reflected in the literature are appropriate in the context of
the Singapore Science Park, Technology Park Malaysia, and the Thailand Science Park.
Findings indicate that all those K S F s are critical for these three parks, and
developing country specific KSF(s) also exist. The one identified is government
support. It has been playing an important role in the establishment, development and
management of the three parks. It is especially decisive in such aspects as securing an
attractive park site; providing financial support for park establishment and
development; stimulating the demand for science park facilities and services; and
providing tenants with access to public research bodies. Without their government's
support, none of these parks could have been established. The literature from developed
countries hardly reflects such an important role that governments play in science park
operations. This implies that while some K S F s are c o m m o n for science parks
irrespective of the status of a country's economic development, others are more
dependent on specific environmental factors. Both government and a park management
team as well as the macro environment and the micro management strategies play a
significant role in the performance of a science park in a developing country. The
effectiveness of science park management strategies in developed countries for a park
in a developing country depends on the nature of the broader macro level approach to
science park management.
Research question 2 - Can the factors enhancing the development of spontaneous
industrial clusters be used to effectively guide the management

1

For details about the investigation of Hypothesis 1, please see Chapter 6.
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developing countries? Investigation of this research question was conducted through
testing the second and third hypotheses of the study in the context of the Singapore
Science Park, Technology Park Malaysia and the Thailand Science Park. The second

hypothesis is that the fertile environment for the development of spontaneous industr

clusters proposed by the literature is able to play a guiding role in the management o
science parks in developing countries (Hypothesis 2). The third hypothesis is that
clustering advantages leading to the formation and sustained growth of spontaneous

industrial clusters function in the same way for science parks in developing countries
(Hypothesis 3).
The investigation for Hypothesis 2 focused on probing whether the ingredients
that compose the fertile environment for the development of spontaneous industrial
clusters proposed by Porter's "diamond" model can be KSFs in the context of the above
three parks. Findings indicate that four of the six ingredients of Porter's "diamond"
model are critical for these three parks. They are "factor conditions", "demand
conditions", "related and supporting industries", and "government". One ingredient,
"firm strategy, structure and rivalry", is relevant in terms of name rather than its
connotation as its analysis focuses on the influence of the macro-aspects of a nation
firms rather than the micro managerial issues. Another ingredient, "chance", appears

irrelevant. This indicates that five of the six ingredients of Porter's "diamond" mode
provide the right directions for science park management in the context of the three

parks under study. The hypothesis is supported to a great extent. However, in order to
make the model more effective in guiding science park management, the study suggests
that the determinant, "firm strategy, structure and rivalry", be supplemented with
relevant content concerning science park management strategies. The result confirms
the previous findings of the study that both government with the macro environment it
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creates and the park management team with the micro management strategies it

formulates play a significant role in the performance of a science park in a developin

country. It further leads to the suggestion that a park's success depends on the effec
interactions of the national policy framework and the science park management itselr.
The investigation for Hypothesis 3 was conducted through examining the
functions of the two types of clustering advantages, namely, passive advantages and
long-term advantages, in the context of the three science parks under study. Findings
support the hypothesis. They reflect that favourite location factors, which generate
passive advantages, are part of the KSFs for science parks in both developed and
developing countries. They are the prerequisite attracting firms to a science park as
are for spontaneous industrial clusters. The factors concerned are those needed by
knowledge workers and their knowledge work. The integration and interactions with
related actors, which generate the long-term clustering advantages such as knowledge

benefits and "milieu" benefits, can increase incomparable values for both science park
and their tenant firms. Creating the needed environment in order to carry out such

values will enhance the competitiveness of both tenant firms and science parks as such

values are not easily available for dispersed firms on the outside, and it takes a lon
time to be generated from spontaneous clustering. This implies that park management
should search and accumulate favourite location factors according to the needs of the

type of firms and industries at which it targets. Meanwhile, extensively combining cooperative networks for long-term advantages generation should be an important part of
the work of a science park operation. The support and assistance from various sectors
and industries are needed in order to achieve this. Therefore, a supportive micro

2

For details about the investigation of Hypothesis 2, please see Chapter 7.
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environment plays an important role in the successful operation of a science park in a
developing country. This confirms the previous findings concerned in this study3.
Findings from the investigation of the above two hypotheses indicate that the
factors enhancing the development of spontaneous industrial clusters are appropriate
be used in the guidance of the management of science parks in developing countries.
Research question 3 - What should be regarded as the achievements for
government-driven park/campus-style science parks in developing countries? The
investigation of this research question was conducted through interviewing park
management executives and tenant executives as the minimal literature concerned has

been found. Findings reflect that park outputs can be appropriately regarded as prime
achievements of government-driven park/campus-style science parks in developing
countries. They include the number of R&D results, tenants' growth (either grown out
of the incubation stage or graduated from a park for independent operation),

contribution to the national economy, and the number of technology transfers. Most of
them are embodied in the achievements and developments of knowledge-based tenant

firms. This indicates that the tenants' success represents the success of a science p

This is in agreement with the key task of science parks, which is to assist the growt
knowledge-based firms and knowledge-intensive activities. This implies that park
management should direct their efforts in formulating and applying management
strategies for more achievements. Park achievements, or outputs, should be used to
evaluate the effectiveness of science park management. This will lead to the
maximization of the economic benefits of the investment in a science park.

3

For details about the investigation of Hypothesis 3, please see Chapter 8.
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10.3 Research result
Based on all the research findings, the study has formulated a developing
economy oriented model for science park management. It is composed of four
interrelated and interactive determinants. They are "favourite location factors", "a
professional management team", "strategic micro-management" and "supportive
macro-environment".
• Favourite location factors are the prerequisite for a science park to acquire the
type of firms at which it targets. Although two themes center around the factors in
favour of knowledge-based firms and knowledge workers, namely, the quality of
life and the ingredients for knowledge work, park management should know the
particular needs of the firms and industries at which it targets before searching
and installing favourite location factors. It is important and efficient if a science
park can select a strategic location with as many of these location factors as
possible.
• A professional management team is directly related to the performance of a
science park. In accordance with its character and the major task of a science
park, two types of professionals are needed for park management: those for the
operation of high quality industrial properties and those assisting knowledgeintensive activities. Easy access to the latter can be helpful if they are not within
the park management team.
• Strategic micro-management suggests five key strategies. They are (1) having
good initial preparation and orientation characterized by sufficient financial
resources, familiarity with the market, and a flexible physical layout; (2)
advocating the park's objective; (3) targeting the park's achievements; (4)

263

Chapter 10. Conclusion

extensively combining co-operative networks; and (5) having a tenant-oriented
working style.
•

A supportive macro-environment is composed of the co-operation and support of
various related and supporting industries and sectors of science parks. It enables a
park to meet its tenants' needs effectively and efficiently. Government is not only
a supporting sector of science parks, but also the key player in constructing such a
supportive environment4.
This model highlights the importance of the effective interactions a m o n g these

four determinants for the successful operation of science parks in developing oriented
economies. Without favourite location factors, a park will not attract willing firms to
locate inside, and it will be difficult for the other determinants to be effective. A
professional management team is directly related to the conditions and functions of the
other determinants. It influences the appropriateness of the decision in terms of what
location factors are necessary for their park, and what factors need to be further
installed either inside or outside the park. Their professional knowledge and skills
decide whether the park management strategies can be applied effectively and
efficiently as well as the level of support and assistance that their park can get from
various sectors. Without strong support from various sectors, it will be difficult for a
park to meet its tenants' needs effectively and efficiently. However, without anyone of
the other three determinants, no matter h o w m u c h support a park can get, it still cannot
achieve its objective. T h e effective interactions of these four determinants actually
represent the effective interactions of the two levels of management: the national policy
level and the science park organizational level. The model presents a framework which

Details about the model are presented in Chapter 9.
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can be used to analyze the operations of established science parks and to guide the
establishment and development of new parks.

10.4 Implications for governments and park managers
The above research result indicates that the performance of a science park in a
developing oriented economy depends on ihe interactions of both macro and micro
factors. Generally, macro factors include a supportive macro-environment and part of
science park favourite location factors. Micro factors include a professional
management team, strategic micro-management, and part of science park favourite
location factors. Governments and science park managers are the key monitors

influencing the conditions and functions of the determinants of the model. This part o
the thesis, therefore, reiterates the key implications of the research for them.
Implications for governments
Science parks are long-term developments. It can take one to two decades for a

park to achieve success. Committed financial support is needed for both park and tenan
development. While an increasing number of governments join the team of science park

initiators and developers for the purpose of accelerating their economic development,

is important that they should know what achievements or outputs they expect from their
science parks. The achievements should be what the country needs, and cannot be

carried out through other means that are less capital-intensive and less time-consumi

otherwise, there is no reason for a government to pour its country's valuable resource

into such a project. The investigation within the study reflects that such outputs as

number of R&D results, tenants' growth (either graduation from the incubation stage or
from a park for independent operation), contribution to the national economy, and the
number of technology transfers tend to be appropriately regarded as the achievements
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of government-driven park/campus-style science park schemes. T h e study suggests that
governments intending to establish such a science park should consider whether what
they expect from their investments is these or not.
Before approving the establishment of a science park, park sponsor(s), usually
government(s), should be sure of having sufficient financial resources for park long-

term development because it usually takes a long time for a science park to generate a

return. On one hand, a science park is selective in recruiting tenant firms owing to i
mission of assisting knowledge-based firms. On the other hand, being a supply-pushed
scheme, it normally faces a weak demand especially at the initial stage. In addition,
knowledge-intensive activities also need financial incentives or support because they

are too capital-intensive for small firms and entrepreneurs. Without sufficient financ

incentives or support, there tends to be limited knowledge-intensive activities, and a

science park will face a weak demand. Subsequently, it will be difficult for a science
park to achieve its objective. A country intending to establish a science park has to
ready for sufficient financial resources for the development of both park and
knowledge-based firms.
A science park itself cannot fulfil the various needs of knowledge-based tenant

firms no matter how attractive the park site is and how advanced the park facilities a
management strategies are. It needs the assistance and co-operation of various
industries and sectors. Government is an important one. It can help with not only

securing an attractive park site and providing financial support, but also stimulating
demand for science park facilities and services, and providing them with access to

public research bodies. In addition, it has good reason to help a science park get the
needed support from other related and supporting industries and sectors because a
science park is to benefit the country rather than the park itself.
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T o achieve the above, it is easier said than done. It is important that a government

not only incorporates the construction of a science park into a national plan, but als
formulates concrete measures for encouraging knowledge-based firms and
technological entrepreneurs and assisting the operation of the park though its policy
framework. This will help to formulate a supportive environment for the successful
development and management of the science park.
Implications for park managers
The quality of a park management team is directly related with park performance.
A professional and committed management team is critical for a park's success. Park

development, no matter which stage it is at, should first clarify the objective(s) of
park and the achievements or outputs that the park is expected to carry out so that
managerial efforts can be geared in the right direction. For this purpose, the study
suggests that a systematic orientation program be arranged for any new members.
Having a few modern buildings with some tenants in an attractive location near
one or two universities doesn't represent the success of a science park. Clustering
around favourite location factors is the natural behaviour of industries. This means

firms and entrepreneurs will be attracted to a good location sooner or later even with

a science park established there to provide high-class facilities and various incenti
and support. The effectiveness of science park management should be evaluated with
the park's achievements, i.e. the outputs. The study suggests that they include R&D
results, tenants' growth, contribution to the national economy, and the number of
technology transfers.
The key source of park achievements is R&D or technological tenant firms.

Therefore, strict criteria for tenant selection are important, and this is especially

a park with limited space. Whether a firm should be recruited depends on its potential
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for generating R & D results. Whether there should be a certain service provider located

in a science park depends on whether the service concerned is really necessary for R&D
or technological tenant firms.
The way to carry out more park achievements is to create more values for

knowledge-based tenant firms. Values from favourite location factors are important, bu
they are far from being enough. Park management should make a constant effort to

create the integration and interactions between tenant firms and related industries an
sectors. This can generate knowledge benefits and "milieu" benefits, which will make
firms more innovative and competitive. These are the incomparable values that a
science park provides for tenant firms, as they are not easily available outside.
Extensively combining dynamic co-operative networks is an important way to create
the needed integration and interactions.

10.5 Significance of the study
The significance of the study exists in its contribution to the knowledge about

science park management. The literature reflects that nearly all comprehensive studies
about science park management are from developed countries, especially those
advanced in science park development such as the U.S. and the U.K. Although a large

number of science parks in developing countries have been established since the 1980s,
they have not yet been featured in the literature. An analytical framework capable of
guiding the establishment and management of science parks in developing countries
doesn't exist. The present study focuses on making its contribution in this regard.
The research was conducted with in-depth case studies facilitated by an

exploratory study via interview. The cases were carefully selected from science parks
developing countries and NIC in Asia, where the largest number of earlier parks in
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developing countries are located. Measured with the general feature of parks in
developing countries, that is, government-driven park/campus-style schemes initiated
and established in countries at the developing stage, the Singapore Science Park,
Technology Park Malaysia and the Thailand Science Park emerged as the appropriate
choices for the in-depth case studies. Investigations were conducted in the context of
these three parks to examine whether the KSFs for science parks in developed countries
and the internal and external factors enhancing the development of spontaneous
industrial clusters proposed by the literature are appropriate in guiding their
establishment and management. Information collected via interview at these three parks
facilitated the investigation. Information drawn from the park management executives
and tenant executives interviewed includes what are the key factors for science park
management in their perceptions, what are the related and supporting industries and
sectors of science parks and what should be the achievements of government-driven
park/campus-style science parks in developing countries. All this issues have been
previously untouched by the literature.
The findings within the study provide important insights into the management of
science parks in developing oriented economies. Firstly, the management strategies for
science parks in developed countries are applicable to parks in developing countries,
however, this doesn't imply that they will lead with certainty to a park's success.
Science parks in developing countries have their own particular macro requirement for
successful development. Whether this macro requirement can be met influences the
effectiveness of those park management strategies. Secondly, a successful science park

operation in developing countries is the result of the effective interaction of the two
levels of management: the policy level and science park organizational level.
Government is one of the key supporting sectors of science parks. It can also play an
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important role in constructing a supportive macro environment needed for a park's
success. Thirdly, being planned industrial clusters, science parks should enable two
types of values to occur for its tenant firms. One is carried out through favourite

location factors, the other, through the integration and interactions of tenant firms

related firms and sectors. The former is the prerequisite in order to attract firms t

park. The latter can enhance firms' innovative capacity and long-term competitiveness
Fourthly, park outputs tend to be appropriately regarded as the achievements of
government-driven park/campus-style science parks in developing oriented economies.
The findings of the study suggest that park achievements include the number of R&D
results, tenants' growth, contribution to the national economy, and the number of
technology transfers. Directing park managerial efforts and management strategies

towards park achievements will increase the possibility of maximizing the benefits of
the investments in science parks.
These insights are incorporated into a developing economy oriented model for
science park management proposed by the study. The model can be used to analyze the
operations of established science parks as well as to guide the establishment and
management of new parks. On one hand, the study itself is a contribution to the
literature about science park management. On the other hand, it may ignite further
academic effort into extending more existing theoretical and empirical work about
spontaneous industrial clusters to science park management in broader geographic and
economic regions and also in exploring new dimensions. This would benefit more
science parks worldwide.
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10.6 Suggestion for further studies
The present study proposes a developing economy oriented model for science
park management based on its investigations in the context of three science parks,
namely, the Singapore Science Park, Technology Park Malaysia and the Thailand

Science Park. Further research can be conducted to test the applicability of the model
other science parks in developing oriented economies. In addition, studies can also be
conducted to test the major findings of the present study in other science parks in
developing countries. Key issues include:
• whether the management strategies of science parks in developed countries are
appropriate for other science parks in developing countries;
• whether the fertile environment for the development of spontaneous industrial
clusters proposed by the literature are appropriate in guiding the management of
other science parks in developing countries;
• whether clustering advantages function in the same way for other science parks in
developing countries; and
• the achievements of the mainstream type of science parks in developing countries.
As the present study focuses on science park management in developing

countries, further studies can also be conducted to probe the possibility of transferr
the research findings about spontaneous industrial clusters to science park management
in developed countries. Key issues include:
• whether the fertile environment for the development of spontaneous industrial
clusters proposed by the literature can play a guiding role in the management of
science parks in developed countries; and
• whether clustering advantages function in the same way for science parks in
developed countries.
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Should these studies suggested above could be conducted, they would provide
more comprehensive insights for the management of science parks in various types of
economies. This would lead to effective park management, and therefore, enlarge the
benefits of the investment in science parks.
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Appendix 1
Demographic Information about Interviewees and Tenant Firms Concerned
(Malaysia, Thailand and Singapore)

The study interviewed 19 park management executives and 20 tenant executives in

South East Asia at the end of 1999 in order to collect the needed primary informati
Parks concerned are Technology Park Malaysia, the Singapore Science Park and the

Thailand Science Park. Of the 19 park management interviewees (including six senior

executives who were partially involved in their park), eight were from Technology P

Malaysia, 10 from the Thailand Science Park and one from the Singapore Science Park
The 20 tenant interviewees were executives of 20 tenant firms of Technology Park

Malaysia, one from each firm. The Thailand Science Park had no tenant as it was not

opened. The Singapore Science Park preferred their tenant firms not to be interview

This part of the thesis presents the demographic information about those interviewe
and tenant firms concerned.
Table Al-1 summarizes the demographic information about these park

management interviewees in six aspects. They are years of working or being involved

the park, education, main field of expertise, foreign exposure, age, and gender. It

that nearly 80 percent of the interviewees had been working or had been involved in

their parks for over one year, and 47 percent for over two years. This indicates th

of them were quite familiar with their park and their work. All the interviewees ar
bachelor degree holders. 95 percent are postgraduates. Among them, half are Ph.D.

holders. 42 percent of the interviewees graduated from a major in commerce, 58 perc

in science or technology. Nearly 85 percent had studied abroad. One fifth had worke

abroad. 95 percent of them were over 30 years old. In terms of gender, about one th
are women, and two thirds are men.
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Table Al-1. Profile of park management interviewees
Aspect

Classification

Main field of
expertise
Foreign
exposure

N=19
Percentage

<1
1-2
>2-3
>3

4
6
4
5

21
32
21
26

P h D . holder
Master
Honours
Bachelor

9
7
2
1

47
37
11
5

Management/economics
Science/technology/engineering

8
11

42
58

16
4

84
21

Years of
working/being
involving
in the park
Education

Frequency

With overseas education
With overseas working experience

Age

<30
>30-40
>40-50
>50

1
5
10
3

5
26
53
16

Gender

Female
Male

6
13

32
68

Table Al-2 presents the profile of tenant interviewees in nine aspects. They are

position, years of working in the firm, years of working in the park, education, fi

expertise, foreign exposure, age, gender, and nationality. The information shows tha

three quarters of the interviewees were at the top management level; one quarter, at

mid management level. 90 percent had being working with their firms for over one yea
and 80 percent had been working in their park for over one year. This reflects that

of these interviewees are quite familiar with their firms and their park. In terms o
educational background, 90 percent are bachelor degree holders. 70 percent are
postgraduates. Among them, 14 percent are Ph.D. holders. Nearly two thirds of the
interviewees graduated from a major in science or technology; the others, from

commerce. 70 percent had studied abroad. 50 percent had worked abroad. As for age, 9
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Table Al-2. Profile of tenant interviewees
___
Aspect
Classification
Position

Frequency

N = 20
Percentage

Top management
Mid-level management

15
5

75
25

Years of
working in
the firm

<1
1-2
>2-3
>3-5

2
8
4
6

10
40
20
30

Years of
working in
the park

<1
1-2
>2-3
>3-4

4
11
4
1

20
55
20
5

Education

Ph.D. holder
Expert with experience
Master
Honours
Bachelor

2
2
7
5
4

10
10
35
25
20

Field of
expertise

Management/economics
Science/technology/engineering

7
13

35
65

Foreign
exposure

With foreign education background
With overseas working experience

14
10

70
50

Age

25-30
>30-40
>40-50

2
14
4

10
70
20

Gender

Female
Male

2
18

10
90

Malaysian
Foreign

18
2

90
10

Nationality

percent were over 30 years old. M e n take up 90 percent of all the interviewees. 10

percent are women. Two interviewees are foreigners. All the others are local people
In regard to the 20 tenant firms from which the above 20 tenant interviewees
came, 19 firms were private. Three quarters were purely local, and one quarter had

foreign share. 25 percent of the firms were very young, established less than two y

before. 35 percent had been in operation from two to four years; 40 percent, for ov
four years. 80 percent of them had been in the park for over one year. In terms of
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activities, 9 0 percent were involved in R & D . Half provided technological services, 3 0
percent provided business services. One fifth were involved in specialised production;
one firm, in trade (Table Al-3).

Table Al-3. Profile of tenant firms concerned
Aspect

Classification

Ownership

Type of
firm

Frequency

N = 20
Percentage

Private
Semi government

19
1

95
5

A local start-up 6
A n independent established local company
A branch of an established local company
A new local spin-off
A JV between local and foreigners
A branch of an established local-foreign JV
A branch of an established foreign company

5
3
1
3
1
1

30
25
15
5
15
5
5

1-2
>2-3
>3-4
>4-5
>10

4
3
4
3
5

5
20
15
20
15
25

1-2
>2-3
>3-4
>4-5

9
4
2
1

20
45
20
10
5

10
6
4
1_

90
50
30
20
5

Years of
operation

<1 1

Years in
the park

<1 4

Business
activities

R&D 18
Technological service
Business service
Specialised production
Trading

Note: J V = joint venture
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Appendix 2
Pilot Research at the Tasmanian Technopark

The study conducted a pilot research at the Tasmanian Technopark, Australia, in
October 1999 in order to try and improve the questions for interviewing park
management executives and tenant executives in Malaysia, Singapore and Thailand, and
to establish a preliminary understanding about the issues concerned. T h e Tasmanian
Technopark, established by the State Government of Tasmania in 1988, is one of the
earliest science parks in Australia. Located on a piece of 10-hectare high land near
Hobart, the capital of the State, the park acts as the government focus for the
development, support and marketing of the advanced technology and innovation based
industry in Tasmania and has a key strategic role in its future development. Tenant
firms in the park have internationally recognized expertise in radio communications,
remote sensing, electronics, lightning and electricity surge protection. Their exports
have reached over 46 countries, and have demonstrated a growth rate of some 30
percent per annum (TTP, 1999). The park was ranked in the top nine of the most
popular parks in the Asia Pacific Region by Corporate Location's 1997 survey
(Corporate Location, 1997).
At the time of the pilot research, the park administration had two persons
stationed at the park, the park manager and an administrative assistant, w h o had been
working in their positions for nine years and three months respectively. Both of them
accepted the interview. The park had about 20 tenant firms. Eight top executives from
eight firms were interviewed. They were those available at that time, and were willing
to accept the interview. Appointments were arranged via phone call beforehand.
A m o n g the eight tenant interviewees, six had been working in their firms for over
two years. Five had been working in the park for over two years. Five have a bachelor
298

Appendix 2. Pilot Research at the Tasmanian Technopark

or higher degree. Four are from a commerce educational background, the other four, a

science/technology background. Seven were over 30 years old. One is female. Seven ar

male (Table A2-1). In terms of their firms, five had been located in the park for ov
two years. Six had been in operation for over two years. Five were start-ups that

developed in the park. Six firms were private. Most of their activities were knowled
intensive. Two firms were specialized service providers. One engaged in specialized
production (Table A2-2).
Information from park management interviewees focuses on park management
strategies, indicators for park achievements, and supporting and related
industries/sectors of a science park. Questions designed are as follows:

• What are the key strategies leading to the success of the park? What do you think
the park should do in order to achieve greater success?

Table A2-1. Profile of tenant interviewees
Category
Years in the firm

Rank
<2
2-5
>5

Years in the Park

<2
2-5
>5

3
4
1

Education

Vocational School
Bachelor
Master
Expert with experience

1
4
1
2

Field of expertise

Commerce
Science/technology/engineering

4
4

Age

<30
30-40
41-50
51-60

1
3
3
1

Gender

Female
Male

1
7

Frequency
2
4
2
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Table A2-2. Profile of tenant firms concerned
Category
Years in the Park

Rank
<2
2-5
>5-10

Frequency
3
2
3

Years of establishment

<2
2-5
>5-10
>10-15

2
2
3
1

Stage of development

Start-up in the Park
Established moved-in

5
3

Ownership

Private
Government/non-profit

6
2

Activities

R&D

4
1
1
2

Technology application
Specialized production
Specialized service

•

W h a t do you think should represent the success of a science park?

• What in your opinion are the supporting and related industries/sectors of a science
park?
information from tenant interviewees is about the needs/expectations of
knowledge-based firms from a park and indicators for park achievements. Questions
designed are:
• What do you think knowledge-based firms need from the park? Is there any other
expectation?
• What do you think should represent the achievements of a science park?
Information collected from the interviewees is presented in the following two
parts. Part one is the perceptions of park management interviewees; part two, the
perceptions of tenant interviewees.
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1. Perceptions of park m a n a g e m e n t interviewees
Strategies for a park's success - Both interviewees mentioned that active
marketing for park and tenant firms played an important role in their park performance.
Other strategies suggested by either included providing a supportive environment to
assist the start-ups, facilitating tenant firms with information and network services,
maintaining links with other parks and associations, both local and international.
Greater success might be achieved if the park could keep on expanding so that the
park's expertise and facilities could benefit more firms.
Indicators for park achievements - Both interviewees proposed the number of
jobs created in the park. Other indicators suggested by either were the number of

innovations, successful growth of tenant firms, increased sales of tenants firms, the co
operation of tenant firms (such as sharing human resources and equipment), cooperation with businesses outside the park, and the park occupancy rate.
Supporting industries of science parks - The two interviewees suggested six
supporting industries/sectors for science parks. They are as follows:
• Universities: They can provide graduates, knowledge, and facilities for park
tenants.
• State government: It provides specialists and business advice concerning business
plans and financial plans for park tenants.
• Technological companies: They are the source of tenant firms. Without them there
is no science park. They can be in various fields as long as they are technology- or
innovation-oriented. Innovative service companies are also included.
• IT industry: They can provide both facilities and services.
• General service providers: They include those concerned with a postal service,
transportation, maintenance service, gardening, and cleaning.
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Office service providers: They included those concerning stationary, photocopier,
phone and fax.
Related industries of science parks - Research institutes, related industries and
companies of tenants firms were suggested by one interviewee. Research institutes have
research capability. They can co-operate with park tenants. Related industries and
companies of tenants firms can also set up co-operation with park tenants.

2. Perceptions of tenant interviewees
Needs of knowledge-based firms from the park- Needs of knowledge-based firms
from the park suggested by the tenant interviewees were classified into three groups.
They are networks of people, lower operational cost and others.
•

Networks of people: Seven interviewees pointed out the importance of the
networks of people that are available by being located in the park. Three types of
networks were included. They are the networks of the government sector, of park
tenants and of people from various otherfields.Four interviewees mentioned that
getting access to the network of the government sector enabled them to come
across the opportunities for promoting their business even overseas, for example,
through the Department of Foreign Affairs and Trade. This is an opportunity for
using the network for further business opportunities. In addition, firms can get
better knowledge in terms of what is happening in the government sector, and
what the government wants to do to help the firms and their R & D activities. Three
interviewees mentioned that the tenant network in the park m a d e co-operation
a m o n g tenants possible. T h e monthly tenant meetings organized by the park
management further strengthened such co-operation. Tenant firms shared their
resources such as equipment and employees with each other, which reduced their
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cost. They could also be suppliers and customers of each other. Three
interviewees pointed out the access to people in various other fields with whom
tenant firms can talk about their business. They can be related companies, even
competitors. This will bring tenant firms new opportunities. It would take them
much longer to build up such a network themselves.
• Lower operational cost: Six interviewees put forward lower cost. Small firms and
entrepreneurs need the infrastructure, equipment, assistance and services that the
park provides at this lower price. The accommodation in the park was referred to
by five interviewees; office appliances such as photocopier, phone and fax
machine, by three; and tailored payment terms, by two.
• Others: Other needs suggested included security, a good environment, the
availability of land for further development, and a telecommunications
infrastructure in the park.
Other expectations - The tenant interviewees put forward 10 more expectations
from the park in addition to what was available. They are R&D equipment, business
expertise assistance, financial support, IT infrastructure, network with other park
tenants, co-operation with universities, space for in-park expansion, technological
expertise assistance, access to new product assessment systems, and a human resources
recruitment service. Details are as follows.
• R&D equipment: Five of the six private firms suggested that the park should
provide leading-edge equipment for tenants' R&D activities. Equipment can be
leased to or shared by park tenants, and be rented to outsiders in the same way as
other park facilities. The type of equipment suggested was different depending on
the technological focus of the interviewees. Testing equipment, prototyping
equipment and EMC (electronic magnetic compatibility) were mentioned.
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Business expertise assistance: Three interviewees mentioned business expertise

assistance. It can be arranged as services, training and entrepreneurial guides a
affordable price. Technological small firms are usually good at creating and
implementing new technologies rather than managing business. They cannot
afford a team for their business functions at the initial stage either. Business
expertise assistance and services provided by the park can allow them to
concentrate on their technological activities.
Financial support: Three interviewees suggested that the park should provide

some financial support such as capital or funds or a mechanism leading to funding
agencies. Small firms, especially those in the incubator, need financial support

the early years of their development as it tends to be very capital-intensive. Gr
expected included those allowing tenant firms to visit related companies or to

attend trade shows abroad so as to update their technological information as well
as those that can subsidize software.
IT infrastructure: Two interviewees mentioned that the park should provide

Internet access to tenant firms because it could be too expensive for small firms

with one or two employees to get a connection with an outside service provider. I
addition, providing high-speed Internet, Intranet, a real time radio conference
facility and computers was also proposed as necessary.
Network with tenants of other parks: Two interviewees were interested in more

co-operation with other parks, not only in Australia, but also in other countries
Co-operation should be set up for both park management and tenant firms.
Co-operation with universities: Two interviewees suggested that co-operation

with universities benefit three parties: tenant firms, universities and the park.
Tenant firms can get access to university facilities for their R&D activities at
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lower cost. Universities can m a k e full use of their resources and increase their
value. The park can have its academic standing as well as standing in the
communities. Co-research can be conducted, and knowledge can be shared.
• In-park expansion: Two interviewees expected that the park be ready for the
tenants' expansion. If land and building space were limited, the park had to be
stricter in its tenant recruitment.
• Others: Technological expertise assistance, access to new product assessment
system, and human resources recruitment service were mentioned once.
Indicators for park achievements - Nine indicators were suggested. They were
businesses successfully generated by the park, innovative results of tenant firms,
assistance to tenant firms, co-operation with universities, the number of
technological/R&D firms, the park's reputation, jobs created in the downstream, the
number of knowledge workers, and achieving the park's objective. Details are as
follows.
• "Businesses successfully generated by the park" was proposed by six interviewees
as they perceived that helping the growth of small businesses was basically the
reason for the park's set up. It can be calculated as the number of graduates from
the incubator and the park. Graduates from the incubator are those start-ups that
have gone through the first stage of development, and can operate with less
support from the park. Graduates from the park are those firms that have grown up
and moved out of the park for independent operation. They should be still in
operation after five years.
• "Innovative results of tenant firms" was suggested by four interviewees. They
included new products, new components, new ideas and new technologies that
tenant firms worked out.
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"Assistance to tenant firms" was pointed out by three interviewees. T h e types of
assistance included professional business expertise assistance and a funding
mechanism.
• "Co-operation with universities" was suggested by two interviewees.
Indicators with one mention are as follows:
• "The number of technological/R&D firms": They are the source of new
technologies.
• "The park's reputation": It can be evaluated in such aspects as the availability of
assistance from the government and funding agencies, the park's reputation
among industries outside the park, the availability of various types of networks for
tenant firms, and the tenants' satisfaction.
• "Jobs created in the downstream": The downstream refers to firms that use the
technologies and products generated by park tenants.
• "The number of knowledge workers": Knowledge workers will eventually benefit
the country.
• "Achieving the park's objective": This can be evaluated by the park occupancy
rate, land utilization, and whether a park has recruited the type of firms targeted.
Apart from the above, some tenant interviewees suggested that "park profit" and
"jobs created in the park" should not be regarded as park achievements. Four
interviewees argued that a science park should not make a profit as it is a mechanism

assisting high technology industries. Its objective is to support innovation, which can
generate income for the state. One job the tenant firms create may lead to four jobs

down the track. The more jobs created in the high-tech or thinking industries, the bett

off the state will be. Three interviewees mentioned that jobs created in the park shou

not be an indicator for park achievement. Innovation is usually brought about by one or
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two individuals rather than a large number of people. The work of these individuals
creates more jobs down the track outside the park. Besides, tenant firms may generate
good idea, but go overseas to develop it. Frequent turnovers may occur for various

reasons. As a result, the number of employees in a park tends to fluctuate at differ
times.
Further analysis about the pilot research at the Tasmanian Technopark can be
found in Zhang (2000b).
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